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DESCRIPTION OF THE SILVERTON QUADRANGLE.

By Whitman Cross, Ernest Howe, and F, L. Ransome,

GEOGRAPHY AND GENERAL GEOLOGY OF THE QUADRANGLE.

INTRODUCTION.

The term San Juan region, or simply “the San
Juan,” used with variable meaning by early
explorers, and naturally with indefinite limita-
tion during the period of settlement, is now quite
generally applied to a large tract of mountainous
country in southwestern Colorado, together with
an undefined zone of lower country bordering it
on the north, west, and south. The Continental

Divide traverses this area in a great bow. The

principal part of the district is a deeply scored vol-
canic plateau, more than 3000 square miles in
extent, drained on the north by tributaries of the
Gunnison River, on the west by those of the
Dolores and San Miguel rivers, on the south by
numerous branches of the San Juan, and on the
east by the Rio Grande. All but the latter drain-
age finds its way to the Gulf of California through
the Colorado River. .

The San Juan Mountains, as that term is now
understood, embrace the area bounded on the
north by the generally abrupt descent to the slop-
ing mesas extending for 25 miles to the canyon of
the Gunnison, on the west by the great plateau
of Colorado and Utah, on the south by the more
gradual descent to the rolling plateaus of New
Mexico, and on the east by the broad and level
San Luis Park. From this main area a broad
spur leads off to the southeast, losing its moun-
tainous character near the Colorado—New Mexico
line. The San Juan Mountains thus have a length
of nearly 80 miles east and west, and a width of

- from 25 to 40 miles north and south, and their

summits form a great group rather than a range.

In the western part of the San Juan Mountains
the topography is very rugged. There are hun-
dreds of summits exceeding 13,000 feet in eleva-
tion, and several which reach more than 14,000
feet above sea level. Here, too, the bounding
scarps of the group are often very precipitous,
while some of the valleys in the heart of the
mountains have been cut down to 9000 feet or
less above the sea. To 'the east the configuration
is less rugged, and high table-lands, of varying
extent, represent in a measure old plateau surfaces.

Within the bordering zone of lower country,
having a general elevation of from 6000 to 9000
feet, are situated several small groups of ~high
peaks bearing special names. The Needle Moun-
tains on the south, the La Plata and Rico groups
to the southwest, and the San Miguel Mountains
on the west, are the most important of these out-
liers.

The Needle Mountains are almost continuous
with the San Juan proper, but the local name is
amply justified by the character of the group,
which is a result of its geologic structure. The La
Plata Mountains form an isolated group, and the
Rico Mountains are also not connected with the San
Juan in origin. The eastern summits of the San
Miguel Range—the Mount Wilson group of the
Telluride quadrangle—are geologically a portion
of the San Juan, cut off by erosion.

Though the San Juan Mountains are surrounded
by an arid plain country the annual snowfall and
rainfall upon them is heavy, especially on the
western portion. The higher peaks and basins
are seldom entirely free from snow. This abun-
dant moisture supports a heavy forest growth in
many places upon the western and northern sides.
Spruces and aspens cover the higher slopes, yield-
ing to white pine, scrub oak, pifion pine, and cedar
on the flanks, as the streams sink into canyons cut
in the lower plains of sedimentary rocks. Timber
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line lies in the zone between 11,500 and 12,000 |

feet above the sea, and large areas in the interior
are thus barren of tree growth, and support only a
low alpine flora on favored surfaces.

Valunable deposits of the precious metals have
been found in many parts of the San Juan region.
Coal beds of great extent and fine quality occur
along the southern base, and agricultural lands
form the valley bottoms and certain of the lower
slopes adjacent to the snow-fed streams from
the mountains. With the development of these
resources several important towns have been estab-
lished in sheltered valleys on all sides. Railroads
encircle the group and penetrate to some of the
mining centers of the interior. Creede, Silverton,
Telluride, Ouray, and Lake City, all situated in
mountain valleys, are thus connected with the
main lines of traffic. ‘

The geological history of the San Juan region is
too complex and as yet too imperfectly known to
justify even an outline statement of satisfactory
accuracy. The pre-Tertiary surface of the entire
region was completely buried by the volcanic for-
mations which now cover the main area, and, while
erosion has again exposed some of the older rocks
on all sides of the voleanic complex and even in
some of the interior valleys, the reconnaissance
observations of the Hayden and other early surveys
were far too meager, and the present resurvey has
thus far covered too small an area, to afford solu-
tions to many of the problems concerning the earlier
geologic development of this most interesting field.

In view of this condition, no attempt will be
made at this time to present a thorough review
of San Juan geology, but in order that the sig-
nificance of the observations made in the Silver-
ton, Telluride, and other quadrangles may be more
fully appreciated, an-outline sketch of the geologic
development of the region will be given. This
outline is particularly applicable to the western

part of the San Juap, for it is in the valleys of

this portion, near the mountain front, that the best
exposures of the older rocks may be found.

The Animas Valley, between Silverton and the
vicinity of Durango, shows apparently a complete
exposure of all formations of the San Juan, from
the Archean to the Puerco formation of the Eocene,
inclusive. Much of this section has now been stud-
ied in detail, but definite correlations can not yet be
made between the older formations here seen and
the isolated exposures reported from some other
parts of the San Juan Mountains.

Ancient granites, gneisses, and schists are known
in the Animas Valley on the south and in the
Uncompahgre Plateau on the north. These rocks
have usually been considered Archean, but the
granites are probably younger than the great series
of quartzites exhibited in the Needle Mountains
and seen beneath the volcanics in the canyon of
the Uncompahgre above Ouray, which have been
referred by Van Hise and Emmons to the pre-
Cambrian age of sedimentation—the Algonkian.
The Algonkian rocks have suffered great meta-
morphism and stand on edge or are greatly dis-
turbed, and the relations of the isolated exposures
to contemporaneous formations elsewhere are quite
unknown. On the Hayden map these quartzites
were called ‘“Metamorphic Paleozoic.” In this folio
they are called the Uncompahgre formation.

Great continental movements of uplift, folding,
and faulting, followed by enormous erosion, inter-
vened between the deposition of the Algonkian
sediments and the oldest Paleozoic formation. In
the Animas Valley the Paleozoic section begins with
a thin quartzite, less than 200 feet in thickness,
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which has been called the Ignacio quartzite, and
which, on scanty fossil evidence, has been referred
to the Cambrian. Following this quartzite con-
formably are thin limestones and shaly strata, the
latter characterized by casts of cubical salt crystals,
with a total thickness of less than 100 feet. These
beds are distinguished as the Elbert formation and
are assigned to the upper part of the Devonian, on
the evidence of characteristic fish remains. Above
them occurs, in conformity, a series of limestones
with thin interstratified quartzites, 200 to 400 feet
thick, known as the Ouray formation, the lower

and middle portions of which are characterized by

a definite upper Devonian invertebrate fauna.
Although these thin formations have been fol-
lowed for many miles up the Animas Valley, no
indication of Silurian or Ordovician strata has
been found there, nor any evidence of the strati-
graphic gap which must exist if there are no beds
of those ages in the section. In the Uncompahgre
Valley near Ouray the Ignacio formation is lack-
ing and the Elbert formation is not everywhere
present, and at certain localities in the Silverton
quadrangle the Ignacio is absent. These facts
show that the seeming conformity in the section
seen on the slopes of the Needle Mountains is mis-
leading and that there is a stratigraphic break of
great importance between the Ignacio and Elbert
formations. v
The extreme upper part of the Ouray limestone

contains Mississippian (lower Carboniferous) fossils

at a few points observed in the Animas Valley.
On this limestone occurs a reddish calecareous shale,
the Molas formation, containing many chert nod-
ules, and some of these cherts also carry a Missis-

sippian fauna. Thin limestone layers in the shale

contain Pennsylvanian (upper Carboniferous) fos-
sils, so that there is evidence of the stratigraphic
break following the Ouray. The Molas shales have
been found everywhere lying on the Ouray lime-
stone with but slight unconformity. There is no
known indication of the extent of the Mississippian
formations which may have overlain the Ouray
limestone, or of their character, except that the
basal portion must have been a cherty limestone
very similar to the Ouray and grading into it.

The red shales of the Molas constitute the first
sediments of a great complex of sandstones and
fossiliferous shales and limestones, belonging to
the Pennsylvanian. These beds reach a total

thickness of 2000 feet and have been named the |
| Hermosa formation. They form the great scarp

on the west side of the Animas Valley and other
prominent topographic features on both the south-
ern and the northern side of the mountains.

Above the Hermosa strata appears an important
series of reddish conglomerates, sandstones, marls,
and thin limestones, in the upper part of which
Triassic fossils occur. These rocks occupy a much
larger area than the Hermosa in the zone adjacent
to the mountains, and are conspicuous in the
Animas, Dolores, San Miguel, and Uncompahgre
valleys.

In the Rico Mountains a fauna that is related to
the Permo-Carboniferous of the Mississippi Valley
has been found in the lower portion of the reddish
series, and this fossiliferous zone is called the Rico
formation. It has also been identified in the Ani-
mas drainage, but its presence has not been recog-
nized in the Uncompahgre Valley.

The non-fossiliferous portion of the reddish beds,
which rests upon the Rico formation, and which
is limited above by unconformable Triassic strata,
has been called the Cutler formation. The name
Dolores has been given to the Tyiassic portion,

which is distinguished from underlying beds not
only by fossil evidence, but also by an unconformity.

Above the red Triassic beds come other forma-
tions that are correlated in general with the fresh-

water Jurassic of other parts of Colorado, and

above these comes the upper Cretaceous, from the
Dakota to the uppermost coal-bearing member, the
Laramie. Below Durango the post-Laramie forma-
tion, made up of eruptive rock débris and known
as the “Animas beds,” rests upon the Laramie,
and isin turn overlain by the Puerco and higher
Eocene deposits.

Structurally, the most striking feature in the
present attitude of the formations described, from
the base of the Paleozoic upward, is their general
southerly or westerly dip away from a point in the
west-central part of the San Juan Mountains. As
seen in the section of the Animas Valley, all of
these formations appear to be conformable. None
of the various unconformities by overlap, repre-
sented upon the Hayden map as occurring in the
area between the Animas and San Miguel rivers,
exist within that territory. But two great orogenic
disturbances, not indicated in the Animas section,
are clearly shown on the northern slopes of the San
Juan, and possibly one of them also on the south-
ern side, not far east of the Animas River. A pro-
nounced unconformity exists between the Dolores
and older beds in the Uncompahgre Valley, while
the Dolores itself and all older sediments are want-
ing in the plateau traversed by the Gunnison and
its southern tributaries east of the Uncompahgre
River, and the granites and gneisses are overlain
by the probable equivalent of the La Plata sand-
stone, of assumed Jurassic age. A similar condi-
tion exists east of the Animas, in the drainage
of Los Pinos and Piedra rivers, according to the
Hayden map, but reconnaissance observations by
A. C. Spencer in the Piedra Valley show that pre-
voleanic faulting may be the cause of the irregular
relations in this district. "

Other periods of uplift, érosion, or subsidence,
in Paleozoic or Mesozoic time, are indicated by the
apparent absence, or slight development, of. Cam-
brian, Ordovician, and Silurian sediments, the
presence of remnants of the Mississippian beds,
the local development of the fossiliferous Triassic,
and the absence of the marine Jurassic and of
recognized equivalents of the great lower Creta-
ceous section of Texas.

The geologic structure and constitution of the
San Juan Mountains of to-day are mainly the
result of dynamic forces which were intensely
active during three great epochs of Tertiary time.
With the first of these epochs the long cycle of
upper Cretaceous sedimentation was terminated by
a continental uplift which was of unknown extent,
but which may have been very great. To what
extent the Cretaceous sea covered the San Juan
Mountain area is not yet known, but the sedi-
ments of that sea are now exposed, dipping at
generally low angles away from the mountains, on
the northern, western, and southern sides. In the
Telluride and Silverton quadrangles is evidence, to
be cited more fully further on, that the erosion of
the epoch under discussion produced a plain of
moderate relief across the oblique edges of the
entire series of Mesozoic and Paleozoic formations.
This plain seems to have bordered a higher land
mass in the heart of the San Juan Mountain area,
and to have extended a considerable distance—
how far, must -ever remain a matter of hypothesis—
to the north, west, and south. Upon this nearly
plane surface, in the region where it is now
exposed, the sandstones and conglomerates of the
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Telluride formation were deposited and had already
attained a thicknass of several hundred feet when
the great epoch of volca nic activity began, produc-
ing the complex of rocks out of which the present
San Juan Mountains have been sculptured. From
exposures in the Telluride quadrangle it was
inferred that the earliest volcanic tuffs were water-
laid deposits in the Telluride lake, but from the
relations seen in the Silverton quadrangle it appears
probable that the Telluride conglomerate is in part
at least a fluviatile formation and that there was,
locally, valley erosion below the plane of that con-
glomerate before the voleanic cycle opened.

The volecanoes and fissure conduits of the San
Juan, assisted, perhaps, by vents in adjacent
regions, emitted an enormous amount of volcanic
material, partly in fragmental form and partly in
lava flows, and this material covers an area of cer-
tainly not less than 15,000 square miles to a depth
of many thousand feet in the central portion.

The lowest member of the voleanic complex thus
far discovered is a bedded tuff of andesitic rocks
that reaches 2500 feet in observed thickness, called
the San Juan tuff. TIts source is unknown. From
the relations exposed in the Silverton quadrangle,
it is certain that the San Juan tuff was in some
places entirely removed by erosion before the erup-
tions of the next great volcanic epoch.

Succeeding the San Juan epoch came a time in
which rhyolitic and andesitic magmas, together
with others of intermediate composition, alternated,
and built up the Silverton series of flows and tuffs
to an aggregate thickness of 4000 feet or more.
Above them comes the Potosi series, consisting
predominantly of rhyolitic material, and observed
to have a thickness of more than 1000 feet. Dur-
ing the Silverton epoch, and after it, there were
intervals of great erosion.

The three series of lavas mentioned make up the
greater part of the western San Juan Mountains.
East of the Silverton quadrangle they have greatly
diminished thickness, and disappear under other
lavas of various kinds not yet fully investigated,
but known to include rhyolite, andesite, and basalt.
. The sources of most of the San Juan lavas are
unknown, but the Silverton series were in part
poured out through fissure channels now identifi-
able on account of the dike masses which fill them.
The -bedded series are penetrated by several mass-
ive bodies of often coarsely granular rocks, such
as’ gabbro, diorite, and monzonite, and it now
seems probable that the intrusive bodies of dio-
rite-porphyry ‘and the allied varieties found in

the sedimentary beds adjacent to the San Juan |

Mountains on the west are also of later date than
many of the surface lavas. -

The volcanic eruptions in the San Juan area prob-
ably continued at intervals until late in Tertiary
time, although only the products of the earlier out-
bursts are well known. Thus the voleanic period
of -building-up was in part synchronous with the
third great period already referred to—that of sculp-
turing: by erosion—by which the mountains now
existing have been produced. Within the volcanic
area little evidence has been discovered by which
the sequence of events can be correlated with the
established divisions of Tertiary time. Deposits of
Eocene age are known in the zone bordering the
volcanic area, but they have not been found in
direct contact with the lavas. Certain calcareous
tuffs of the Silverton quadrangle contain scanty
plant and invertebrate remains indicating that they
were formed in Oligocene or early Miocene times.
While it may be safely assumed that the closer
study-of the San Juan will result in the recogni-
tion of different epochs of eruptive activity and of
orogenic disturbance, the Tertiary history of this
region may be summarized as a conflict between
volcanic forces that built a plateau by stupendous
emissions-of lava and agenecies of erosion that
removed the igneous material -and carved deep
‘canyons to the very base of the vast lava plateau.
The volcanic forces were most effective in the ear-
lier periods, nearly the entire  thickness of 5000
feet of volcanic rocks found in' the western San
Juan being of that epoch, while the agents of
degradation are still actively at work upon the
-higher mountain masses.

- Quantitatively, the work performed by the
‘geologic agencies acting in this region in .Ceno-
zoic time was very great, but the estimation of the
post-Cretaceous disturbance, as well as the general
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deciphering of all earlier geological history, has
been rendered very difficult by the mantle of
voleanic rocks; and the original extent of this
covering is left to speculation on account of the
more recent erosion. The detailed examinations
now in progress have thrown much light on these
great problems. Thus, the Telluride conglomerate
becomes of first importance in their solution, since
its base presents the best evidence as to the post-
Cretaceous erosion and its top forms the surface
upon which the volcanies rested in the western
part of the district.

The present elevation of this entire region above
sea level is to be regarded as the result of numerous
oscillatory movements of uplift or subsidence which
have taken place since the close of the Cretaceous,
affecting greater or smaller areas. A slight tilting
of the Telluride formation in an easterly direction
may be connected with the uplift of the extreme
Western San Juan region, leading to the great ero-
sion which has caused such an abrupt face to the
mountains in and about the Telluride quadrangle.
The complex fault system existing in the Silverton
quadrangle, which traverses all voleanic rocks in
its path, is further evidence of Tertiary movements.

The survey of the Silverton quadrangle was
carried on during portions of the field seasons of
1898, 1899, 1900, and 1901, under immediate
charge of Whitman Cross. During the first two
seasons A. C. Spencer was regular assistant, while
Ernest Howe served in that capacity for the remain-
der of the field work and in the preparation of the
folio. Messrs. R. D. George, G. W. Stose, and J.
Morgan Clements have rendered valuable aid as
temporary assistants during portions of various
seasons. The economic resources of the quadran-
gle were investigated by F. L. Ransome during the
season-of 1899 and 1900, and a detailed report on
them was made in Bulletin No. 182.

The topographic base map available at the com-
mencement of the survey was found so inadequate
for the expression of the geology that a‘partial
revision was undertaken. This proved the neces-
sity for a complete revision, which could not be
used by the geologist until late in 1901. For this
reason many of the boundaries between forma-
tions, on the maps of this folio, are known to be

inaccurate in detail, since they have been adjusted

to maps which-were not in hand during field work.

GEOGRAPHY AND TOPOGRAPHY.

Geographic position of quadrangle.—The Silver-

ton quadrangle is situated in the southwestern part

of Colorado and is bounded by parallels 37° 45’
and 38° N. and meridians 107° 30" and 107° 45’
W., and has an area of 235.66 square miles. The
quadrangle lies mainly within San’ Juan County,
but. includes parts of Hinsdale, Ouray, and San
Miguel counties also. Its position and its relation
to other areas which have been already surveyed are
shown in the index map on the cover of this folio.
The Lake Fork of the Gunnison, the Animas and
Uncompahgre rivers, and the Rio Grande have
their sources in the high mountains of the Silver-
ton quadrangle, and the waters of all but the Rio
Grande belong to the drainage system of the Colo-
rado River. The quadrangle is in-the western and
most rugged portion of the San Juan Mountains,
which in the Telluride quadrangle, to the west,
end -abruptly and give place to high plateaus that
extend into Utah. To the north are many high
peaks which naturally belong to. this: mountain
group; to the south rise the sharp pinnacles of
the Needle Mountains; while to the east lies the
main part of the San Juan group.

Topographic features.—The entire quadrangle,
it may be said, has a rugged, mountainous char-
acter. The average elevation is very high—about
11,5600 feet. The highest point (14,008 feet) is
Handies Peak, and the lowest (a little below 8200
feet) is in the canyon of the Uncompahgre River.
Across the extreme southeast corner runs the Con-
tinental Divide, separating the waters of the Rio
Grande from those of the Colorado drainage. The
topographic features are those characteristic of a
thoroughly dissected - plateau whose forms have
been more or less modified by subsequent ice
erosion. The larger valleys are U-shaped as a
rule. They are-often precipitous near the valley
bottoms and have gentle slopes above. Many of
the peaks haye well-rounded summits and rela-

tively smooth, graded flanks; others are flat-
topped, being capped by remnants of old lava
flows, and of these Potosi Peak is a typical exam-
ple. Characteristic of the whole region are glacial
cirques or amphitheaters, which are found at the
sources of almost all streams. Many of these are
well brought out on.the topographic map, or are
shown in the illustrations.

Drainage.—The largest stream is the Animas
River, which rises in the northeast corner of the
quadrangle and flows southward, first through a
narrow canyon, and then over the flood plain of
a broader valley until it comes to Bakers Park,
where it is joined by Cement and Mineral creeks.
Below Bakers Park it plunges into the gorge of the

Animas Canyon, in which it traverses the Needle

Mountains. Flowing north from the divide at
the headwaters of the Animas and its tributaries
are the streams that unite to form the Uncom-
pahgre River, which leaves the quadrangle on
its way to the Gunnison through a deep, narrow
canyon of singular beauty and grandeur. Near
the northern and eastern boundaries of the quad-
rangle rise other tributaries of the Gunnison, the
Lake Fork and Henson Creek, which join at Lake
City, while in the southeastern corner of the area,
under Canby Mountain, are the beginnings of the
Rio Grande with its first important branch, Pole
Creek. With the exception of the streams flowing
from Ingram and Savage basins, which belong to
the San Miguel drainage, all waters rising along
the western boundary are feeders of the Animas
or Uncompahgre rivers.

- Forest growth and timber line—The average alti-
tude of the quadrangle is about 11,500 feet, and in
consequence a very large part of the region is above
timber line, which varies from 11,500 to 12,000
feet above sea level. Below 11,500 feet there is
always a luxuriant growth of spruce, fir, and aspen,
and at almost any elevation may be found alpine
willows or alders. The pine, so common at lower
levels to the north and south, is found nowhere
within the limits of the quadrangle.

Culture.—The largest town in the quadrangle is
Silverton, situated on the broad flood plain of
Bakers Park, near the junction of the Animas
River, Mineral Creek, and Cement Creek. It
is the principal commercial center of the district
and is the terminus of the Durango division of the
Denver and Rio Grande Railroad. Branch rail-
roads connect the town with Red Mountain,
Eureka, and Gladstone, local mining centers and
shipping points for the various mines. [Excellent
roads or trails lead into elevated basins and over
high divides to all parts of the quadrangle. Prob-
ably no other high mountain district of Colorado
of equally rugged character has been so thoroughly
prospected by the miner and rendered so easy of
aceess as the Silverton quadrangle.

DESCRIPTIVE GEOLOGY.
THE ROCK FORMATIONS.
METAMORPHIC ROCKS.

ARCHEAN SYSTEM,

SCHISTS AND GNEISSES.

Occurrence and structure.—Schists of supposed
Archean age form the walls of the canyon of the
Animas River from the monzonite stock below
Silverton to a line a short distance beyond the
southern boundary of the quadrangle, at White-
head Creek, where they come in fault contact with
Algonkian quartzites. They are exposed in an
irregular area that extends from the canyon east-
ward, from which the voleanics have been removed
by erosion, and in Cunningham Gulch down nearly
to Stony Creek, as shown by the map. The rocks
are all strongly foliated and also have a banded
appearance, which is often due to the alternation of
dark and light constituents. The schistosity, which
seems to correspond with the banded arrangement
of mineral particles, has within this area a north-
east-southwest strike and a nearly vertical attitude,
except in the lower part of the Animas Canyon,
where the dip flattens out and the schistosity
becomes almost horizontal. This schist section,
while varying in petrographic detail from place to
place, possesses no clearly marked divisions which
it is practicable or desirable to recognize as carto-
graphic units. The. schists are cut by bosses of
granite and their apophyses, as well as by numer-

ous basic dikes. These intrusives are undoubtedly
older than the first Paleozoic sediments, but may
be younger than the great Algonkian series of the
adjacent Needle Mountains.

Description of the schists.—The crystalline schists
of this region vary in texture and in mineral
constitution. The majority are dark colored, but
some are light gray, or almost white. KEven the
commonly striking characteristic of schistosity is
by no means uniform, some rocks being finely
schistose, while others have been crushed and
crampled and might be described as coarse
gneisses. Quartz and feldspar are present in
almost all of the schists, usually in amount equal
to or greater than the dark silicates, although the
latter strongly predominate in dark-colored bands
throughout the section. In certain schists quartz
is of secondary origin. The feldspar is mainly
orthoclase, but is in some cases albite, or possibly
andesine. The common development of quartz
and the feldspars in a fine mosaic makes it very
difficult to estimate their relative amounts and to

determine with any degree of accuracy the kind of

feldspar.

The dark silicates are represented by biotite and
pleochroic green hornblende or actinolite; seldom
entirely fresh; biotite is generally more abundant
than hornblende, but certain bands consist mainly
of amphibole. Muscovite is not very common as
an original mineral, but as an alteration product of
biotite and the feldspars it is quite abundant. The
darker minerals appear in blades or irregularly
bounded particles in the quartz-feldspar mosaic.

Garnet is a very striking constituent in certain
zones. East of the Molas mine a few bands in the
hornblendic schist are extremely rich in large red
garnets which are ‘without crystal boundaries, and
are either shattered or exceedingly strained, so
that they crumble when removed from the matrix.
Some of these garnets are an inch or more in diam-
eter, and the schistosity of the inclosing rock seems
to bend about them. Occurrences of this sort are
rare, however, and the mineral is, when present,
an accessory. At several places it was observed
that the garnet, possibly almandite, has been
wholly or in part altered to-chlorite, the alter-
ation taking place along cracks and fissures in the
usual manner. Magnetite is a much more widely
distributed accessory than garnet, though its pres-
ence is noted only under the microscope. ~Apatite,
which is rare, occurs in minate crystals included in
feldspar or hornblende. Hematite and zoisite are
often present, but are probably alteration products.
Chlorite is the most prominent secondary mineral
in the schist, being found in almost all rocks in
flakes or irregular patches derived from horn-
blende or biotite; that resulting from the altera-
tion of garnet is fibrous. Zoisite, epillote, and
muscovite are not uncommon alteration- products
in the feldspathic and hornblendic schists; in a
few cases calcite occurs in crystalline grains.

Most of the schists have a medium, finely lami-
nated banding, the individual bands' averaging 1
millimeter in thickness and being rich in the light
and dark silicates alternately. Sometimes there is
no distinet banding, and in such cases there is an
interlocking mesh of elongated mineral grains or
aggregates whose greatest diameters are parallel.
Rocks having this texture usually belong to the
strongly amphibolitic schists and are ordinarily
fine grained, but some are relatively coarse and
are composed of equal amounts of light and dark
silicates. In such rocks as these the ferromagne-
sian minerals are grouped together in small len-
ticular aggregates. The finest foliated rocks are
usually the lighter colored ones, and are rather
richer in muscovite than in dark micas or amphi-
bole. :

Evidence of great mashing or crushing is well
shown when these rocks are examined under the
microscope, and the parallel arrangement of min-
eral particles, so marked in hand specimens, is still
more pronounced in the thin sections of the rocks.
In many cases the strains have been so great that
the original crystals have been completely granu-
lated and appear as lenticular aggregates of minute
grains of the same minerals. At other times a
complete recrystallization of the minerals has
taken place, and the resulting structure is that
of elongated grains, generally without crystal
boundaries, whose longest diameters lie in the
same general direction. This elongation and par-



o

allelism is more marked in the micas and amphi-
boles than in the feldspars or quartz.
The crushing and recrystallization of these rocks

have obliterated all traces of the characters of the

original rock masses, so that it can not be deter-

mined whether they were sedimentary or igneous..
Some of the amphibolitic schists resemble the

mashed diabasic dikes that cut these rocks in
various places, and it seems plausible to suppose
that such schists are also derived from basic igne-
ous masses. The feldspathic and quartzose schists
may have been derived from either sediments or
granitic rocks.
SEDIMENTARY FORMATIONS.
Subaqueous Deposits.

General statement—The subaqueous formations
of the Silverton quadrangle older than the vol-
canic series are exposed only where the voleanic
rocks have been removed by erosion—mainly in
the southern zone of the area. The formations
revealed range from the Algonkian quartzites and
slates to the Permian red beds. None of the
formations is so well exposed as in the adjoining
quadrangles, but several of them will here be dis-
tinguished for the first time as stratigraphic units.

The Algonkian system of the Uncompahgre Can-
yon is unquestionably the same as that of the
Needle Mountains, although the two areas were
separated by erosion following enormous folding
before the deposition of the lowest Paleozoic beds.

In striking contrast with the Algonkian, as well
as with the Pennsylvanian and later formations,
the earliest sediments of the Paleozoic in this
region are thin. Paleozoic beds below the Car-
boniferous aggregate not more than 400 to 600
feet in thickness, and in them no planes marking
stratigraphic breaks are evident, though such
breaks are known to be present. On lithologic
grounds, however, there are within these pre-Car-
boniferous sediments three practicable divisions
which correspond with the divisions indicated by
the evidence of the stratigraphy and of the fossils
so far as now known. At the base are quartzites,
at the top limestone, and between them is a series
of calcareous shales characterized by pseudomor-
phous casts of salt erystals. The limestones above
the “Salt shales” carry a well-defined Devonian
invertebrate fauna from their base nearly to their
top. A single Cambrian shell has been found
in the lower quartzites, and the “Salt shales,”
which are usually barren of fossils, have yielded
a few fish remains of upper Devonian types.
The three lithologic units are here distinguished
and named as separate formations. Below . the
“Salt shales” there must be a great stratigraphic
break which the commonly observed stratigraphic
relations do not suggest where the three units are
all present. It is known, however, that the Cam-
brian quartzite is absent in the Uncompahgre Val-
ley and in the area east of the Needle Mountains.

The limestone member of the section referred to
has been found to contain Mississippian fossils in
its upper portion in a few places. A stratigraphic
break occurs above this horizon in the section.
The lower strata of the upper Pennsylvanian,
which possess distinctive lithologic characters and
contain the record of the destruction of older sedi-
ments, are distinguished as a separate formation.
The remainder of the prevolcanic sedimentary com-
plex consists of the Hermosa, Rico, and Cutler for-
mations, which have been described in detail in
other publications.

The Tertiary lavas of the region are underlain
by the well-stratified San Juan tuffs and a still
older conglomerate which in the Telluride folio
was called the San Miguel formation. A change
in the latter name is necessary, since it is found to
have been preoccupied for a Cretaceous formation
in Texas. In this folio the formation is called the
Telluride conglomerate.

ALGONKTAN SYSTEM.
UNCOMPAHGRE FORMATION.

The existence in the San Juan region of a great
section of quartzites and slates or shales older than
the lowest known Paleozoic beds, occurring on the
south side in the Needle Mountains and on the
north in the Uncompahgre Canyon, has long been
known. The series has been described by End-
lich, Emmons, and Van Hise. Similar rocks in
the heart of the domal uplift of the Rico Moun-

Silverton.
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tains have been referred to the same great forma-

tion by Cross and Spencer (Twenty-first Ann..

Rept. U. 8. Geol. Survey, pt. 2, 1900, pp. 37-41).
For convenience in future discussions of this com-
plex of quartzites and slates, assumed to belong to
the Algonkian system, it is proposed to call them
the Uncompahgre formation. They are particu-
larly well exposed in the canyon of that name
in the Silverton and Ouray quadrangles.

Occurrence—The exposures of the Algonkian
rocks in the Silverton quadrangle embrace a part
of the great section in the Uncompahgre Canyon
and a small, isolated outcrop on the eastern side of
Ironton Park. The section in the canyon of the
Uncompahgre extends from the line, shown on the
areal geology map, at which it passes beneath the
San Juan tuffs, for 4 miles northward to the border
of the town of Ouray, where it is overlain by the
lowest Paleozoic beds. In this distance the strata
vary in attitude from the vertical, near Ouray, to
dips of less than 30° near their southern limit.
The stream cuts obliquely across the strike, and
has carved a rugged canyon, in some places a thou-
sand feet or more in depth, into these hard rocks.
The stage road from Ouray to Red Mountain
affords a firie opportunity to examine the section in
detail.

The only other occurrence of the Uncompahgre
beds within the Silverton quadrangle is on the east-
ern side of Ironton Park, at the mouths of Albany
and Brooklyn gulches, but little more than a mile
from the main area in Red Mountain Creek, and
only about 350 feet higher than the nearest out-
crops on that stream. The reappearance of the
formation is doubtless due to the irregular surface
upon which the Telluride conglomerate and the
San Juan tuffs were deposited, details of which may
be seen along the eastern side of the Uncompahgre
Valley, as represented to some extent upon the
map. - The quartzites probably approach very near
to the surface in the interval between the Ironton
Park outcrops and the main area, where they are
overlain by limestone referred to the Ouray forma-
tion of the Devonian. Details concerning this local-
ity are given under the heading “Areal geology.”

Structure—The apparent base of the exposed
Uncompahgre section is near its southern border,
according to the structure to be described. Within
the area of outcrop of the quartzite-slate series there
is an elongated domal uplift, represented on the
map by strike and dip symbols, the crest. of which
is-in the angle between Red Mourntain Creek and
the Uncompahgre. Northward to Ouray the struc-
ture of the beds exposed develops into a series
of steeply dipping beds which have a  general
northwest-southeast strike, and in which only
minor irregularities in folding have been observed.
Unless there is a gigantic overturn, of which the
limited exposures afford no evidence, the base of
this section of the Uncompahgre formation is
beneath the dome on the southern border and
the top is near Ouray. Observations have not
yet been made in the Ouray quadrangle except

along the canyon line, but the rocks are limited.

to a narrow belt on either side.

The Uncompahgre 'quartzites of Ironton Park
are so massive that their structure has not been
determined. P

The structural relations of the Algonkian section
in the Uncompahgre Valley to that of the Needle
Mountains can not now be ascertained. These
areas are 14 miles apart, and between them occur
the older schists or the Tertiary volcanics.

Character—The Uncompahgre formation is com-
posed of quartzites and slates in beds of varying
thickness. Certain zones are nearly pure quartz-
ites, others are distinctly slates, while in still others
there is an alternation of the two rocks in com-
paratively thin strata. On the whole quartzite is
largely in excess over slate.

The quartzites are generally compact, fine grained,
and well bedded. Rarely, certain members are so
massive that no evidence of bedding can be dis-
tingdished in a thickness of 30 or 40 feet. More
commonly thin partings of shale mark bedding
planes, even of quite massive quartzites. Cross-
bedding and ripple-marking are often very distinct.

In many quartzite strata small pebbles or gravel-
like particles of quartz are present. They are rarely
more than 1 centimeter in diameter, and are not
abundant enough to make a true conglomerate.

. The quartzites are often nearly white, with many

shades of gray, and not infrequently pink colors
appear. Specular hematite in scales is present in
some places. '

They show by their crumpling or schistosity evi-
dence of great pressure by differential movements
of the inclosing more massive rocks. Imperfect
chiastolite crystals have developed in rare instances.

An incipient schistosity is caused by the develop-
ment of secondary micas in fine blades or needles
that have their longest diameters parallel. There
is no observed indication that the quartzites have
undergone dynamic metamorphism except in a
few cases where the microscope has revealed a
system of fine parallel fractures passing through
the rounded quartz graing and filled with some
secondary mica.

The section exposed in the Uncompahgre Canyon
has an estimated thickness of over 8000 feet, and no
evidence of repetition by faulting or infolding has
been discovered, although some minor dislocations
have been observed. :

CAMBRIAN SYSTEM.
IGNACIO QUARTZITE.

Name and  definition.—The lowest lithologic
division of the Paleozoic section in the Animas
Valley is made up of quartzites, and varies in
thickness, in the area thus far examined, from a
few feet to 200 feet. In layers near the middle of
these quartzites a single generically determinable
shell has been found. From the stratigraphic rela-
tions and the evidence of this fossil it is assumed
that in this region the Cambrian system is repre-
sented only by a thin series of quartzites belonging
probably to its upper division, and for ‘those the
name -Ignacio formation or quartzite is proposed,

| from the lakes in the Animas Valley about 18

miles west of south from Silverton, near which the
formation is well exposed.' It is at present believed
that all of the Paleozoic quartzites beneath the
“Salt shales” belong to the Ignacio.

Lathologic character—The Ignacio consists of
nearly pure siliceous strata, with some feldspar
locally in the lowest beds. The greater part is
fine grained, white, gray, or pinkish, and highly
indurated. The lower portion is commonly a
massive quartzite .of prevalent pink or reddish
color, while the succeeding strata are nearly white.
Distinct bedding is common, as is an irregular
jointing. Above this the strata are often wavy in
bedding, with shale partings, in which mud cracks,
trails, and other markings are common. These
layers are friable sandstones in places. More mas-
sive quartzite layers generally succeed this series,
but not in a thickness equal to those below.

At the very base of the formation a true basal

conglomerate is often found, but only in hollows

of the granite, schist, or Algonkian quartzite floor.
The hard Algonkian quartzites are most abundant
among the pebbles, which range in size up to 4
diameter of (rarely) 1 foot. :

Fossils.—The only identifiable fossil invertebrate
yet obtained from the Ignacio beds was found on a
remnant capping Overlook Point, one of the hills
of Mountain View Crest, in the Needle Moun-
tains quadrangle, south of Needle Creek. Speci-
mens of this fossil were found scattered through a
hard, dark quartzite above the middle of the for-
mation, which was there 110 feet thick. Mr.
Walcott identifies this shell as an Obolus, but is
unable, from the material at hand, to determine its
species. Three forms that are much like this are
Obolus matinalis, O. tetonensis, and O. loperi, the
latter occurring in the passage beds between the
Cambrian and the Ordovician in the Crested Butte
quadrangle, Colorado. Since. the Cambrian is
known in Colorado only in thin representatives of
the upper division, it seems best to assume for the
present that the Ignacio quartzite also belongs in
that series. , 3

A common apparent fossil of the Ignacio is
thought by Mr. Walcott to be Cruziand, a prob-
lematic plant remain.

Occurrence.—The Ignacio quartzite is about 50
feet thick in the Animas Canyon region of the
Silverton quadrangle. It is most conspicuous on
the west side of the river, its hard beds often pre-
senting ledge or bench forms between the schists
and the Ouray limestone. East of the river it is
not so well exposed, but it extends up to the vol-

canic rocks on the divide north of Whitehead
Creek. Apparently this formation is absent in the

| fault block of Cunningham Gulch, in Ironton
The original shales of this complex are now dark.
slaty beds, hard, and probably somewhat silicified.:

Park, and about Ouray.

DEVONIAN. SYSTEM.
ELBERT FORMATION.

Name and definition.—The name Elbert forma-
tion has been proposed by Cross (Am. Jour. Sei.,
4th ser., vol. 18, 1904, pp. 245-252) for a series of
thin shales, quartzites, and limestones, aggregating
not more than 100 feet in thickness so far as known,
commonly occurring above the quartzites referred
to the Ignacio formation and below the Ouray lime-
stone. Fragmentary fish remains of upper Devo-
nian types are found locally at the base and near
the top of the formation. - An important strati-
graphic break occurs below the Elbert formation,
as is shown in some localities by the absence of the
Ignacio quartzite.: '

The name is derived from Elbert Creek, a western
tributary of the Animas River, entering it at Rock-
wood. The creek drains the Ignacio lakes and
flows for several miles along a bench between the
Animas Canyon and the high escarpment of the
Hermosa Carboniferous, on which all the lower
Paleozoic formations are well exposed.

Lathologic character—The formation is mainly
composed of calcareous shales and thin sandy lime-

stones that vary in details of development from
place to place. The beds are drab, buff, or yel-
lowish in color. The shaly layers break up read-
ily on exposure, so that outcrops are obscured by
the resulting scales and thin plates. Quartzites
are present, but are always very thin and subor-
dinate to the calcareous and shaly portion.

The shaly beds are in many places characterized
by pseudomorplious casts after salt crystals. They
occur, as noted by Endlich, on the under side of
slabs, as is natural considering their origin. The
crystals of salt, it must be supposed, formed on or
near the surface of the mud of a desiccating body
of salt water, and were dissolved by influx of fresh
water, and the crystal space was filled by sand
or mud of a new deposit. The crystals are usually
more or less clearly skeleton cubes with sunken
faces. Some of them are as much as an inch or
more in diameter. So abundant are these casts
that they may be found at nearly every outerop,
but they are larger and much more perfect in
some localities than in others. —_—

Fossils.—In describing the first observed occur-
rence of the “Salt shales” Endlich remarks that:
“Besides these pseudomorphs [after salt], scales
and fragments of bones are found, belonging to
some fish of considerable size. Too little material
could be collected to admit of any identification,
even only generically. Small scutella also occur,
probably belonging to the same animal.” The
locality at which Endlich found these bone or
scale fragments, on the south slope of the Needle
Mountains, was revisited and collections were made

| there. These fossils and a few from other locali-

ties have been described by C. R. Eastman and
pronounced to represent a characteristic upper
Devonian fauna, of which Bothriolepis is the
most prominent form (Am. Jour. Sci.,, 4th ser.,
vol. 18, 1904, pp. 253-260).
~-Fish remains have also been found in the course
of the present work, on a slab of quartzite in a
talus pile near the limestone quarries south of
Rockwood. The talus occurs below a bench
where the Elbert formation is in place, but the
stratum from which the fossil-bearing slab came
could not be identified. The remains are referred
by Eastman to the genus Bothriolepis, the domi-
nant form found at the other localities.
Distribution.—The Elbert shales are naturally
inconspicuous as compared with the quartzite and
limestone formations between which they occur.
They are present, however, throughout the south-
ern portion of the quadrangle, but seem to be want-
ing on the north. In Cunningham Gulch the
formation appears below the Ouray limestone in
nearly its maximum thickness, in the fault block
shown by the map, while the Ignacio quartzite is
wanting.

OURAY LIMESTONE.

Name and definition.—The presence of Devo-
nian strata in southwestern Colorado was first
recognized, through = collections of fossils made



by F. M. Endlich, of the Hayden survey, on
the southern slopes of the Needle Mountains, in
1874. The name Ouray limestone was proposed
by A. C. Spencer, in 1900 (Am. Jour. Sci., 4th
ser., vol. 9, 1900, pp. 125-133), after the strata had
been reexamined in connection with the United
States Geological Survey work; it is derived from
the town of Ouray, on the southern border of which
is a prominent outcrop of the limestone.

“The name was proposed by Spencer for the
Devonian limestone member, excluding the quartz-
ites and shales here called the Ignacio and Elbert
formations, although they were then thought to
be possibly of Devonian age. It was supposed
by Spencer that the whole limestone complex in
question must be of Devonian age, but, as will
be shown, it is known that an indefinite but sub-
ordinate part of the most prominent limestone ledge
of the Ouray is Lower Carboniferous. Since it is
impossible to draw a line between the two portions,
the Ouray becomes a lithologic unit transgressing
the formal boundary between the Devonian and
Carboniferous systems.

General Lithologic character—The Ouray forma-
tion, as at present known, has a thickness varying
from 100 to 300 feet. The upper and major part
of the formation is massive limestone, either in one
bed or with such thin intercalated shales that the
ability of the limestones to cause mesas, benches,
and prominent cliffs as characteristic topographic
forms is always notable. Below the more massive
portion, a third or less of the section is made up
of beds of limestone with distinct shaly layers and,

rarely, thin quartzites between them. Some of

the lower layers have a wavy bedding, some are
arenaceous or earthy, and large chert concretions,
free from fossils, are common at a horizon near the
base. The lowest stratum is characterized usually
by crinoid stems and rarely by a cup coral.

The greater part of the formation is dense, com-
pact limestone, but portions of the upper ledge are
coarsely crystalline. In general the rock is nearly
white, straw-yellow, or buff, with local pinkish
tones. Some of the lower beds are strongly yel-
low, and these are commonly more or less sandy.
The contrast with the dark-gray, dense limestones
of the Hermosa is marked, layers of such color and

character occurring only near the base of the Ouray.

The Carboniferous portion of the Ouray is at
present indistinguishable lithologically from the
Devonian. Its existence was detected through the
presence of Mississippian invertebrate fossils in
the chert pebbles of the succeeding formations.

In the Silverton quadrangle the Ouray does
not possess its normal thickness and it is probable
that the Carboniferous portion has been entirely
removed.

Foauna—The. Devonian invertebrate fauna of
the Ouray occurs from near the base to a horizon
which in many places is not far below the top of
the upper, massive ledge. The greater number of

species are found in this upper horizon, but many

of them range to within a few feet of the base.
Fossils have not been collected in the Silverton
quadrangle, but have been obtained at Ouray and

at several localities in the Needle Mountains, Engi-

neer Mountain, and Durango quadrangles, as well
as at the point where Endlich first found a few char-
acteristic species, a short distance south of the Needle
Mountains quadrangle.

The invertebrate fauna of the Devonian portion
of the Ouray has been fully described by G. H.

Girty (Twentieth Ann. Rept. U. S. Geol. Survey,

pt. 2, 1900, pp. 25-63), and compared with similar
faunas hitherto collected in Colorado, but not sepa-
rated from lower Carboniferous.

Correlation.—The Devonian fauna of the Ouray
limestone has been shown by Dr. Girty to be rep-
resented more or less fully in older collections
from various parts of Colorado, notably in the Elk
Mountains, at Glenwood Springs on Grand River,
near the head of White River, and on East Monarch
Mountain, Chaffee County. Full correlations of
the sections in these localities with the section in
the San Juan region will not be possible, however,
until further examinations have been made. Dr.
Girty says:

In general the Devonian fauna of the Ouray clearly
belongs to upper Devonian time. It is but distantly
related to the Devonian faunas of New York, and its

relation with those of the Mississippi Valley, or even
with other known western Devonian faunas, is not close.
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Tt shows many points of approximation to the Athabas-
can fauna. deseribed by Whiteaves, and is somewhat
strikingly similar to the Devonian of Russia.

CARBONIFEROUS SYSTEM.
MISSISSIPPIAN SERIES.

UPPER PART OF OURAY LIMESTONE.

It is known that the Ouray limestone contains,
in certain localities, a Mississippian fauna in its
upper part, which is separated from the upper-
most Devonian fossiliferous horizon by about 50
or 75 feet of massive limestone in which no fos-
sils have thus far been discovered. The erosion in
the interval following Mississippian sedimentation
removed these strata completely over large areas.
As neither the upper Devonian nor the basal Car-
boniferous horizon is everywhere fossiliferous, it is
impossible to decide in many places whether the
upper portion of the Ouray limestone ledge is Car-
boniferous or not.

From the great quantity of Carboniferous chert
nodules in the succeeding formation it must be
assumed that above the known horizons of the
Ouray there once existed in this region a consider-
able thickness of chert-bearing limestone of Missis-
sippian age. It seems not unlikely that somewhere
on the slopes of the San Juan Mountains notable
remnants of these beds may be found. In the
Silverton quadrangle no evidence has been noted
to show that any portion of the Ouray limestone
belongs to the Mississippian series.

PENNSYLVANIAN SERIES.

MOLAS FORMATION.

Name and definition.—The name Molas forma-
tion is proposed in this folio for the lowest of the
three Pennsylvanian formations distinguished in
the Animas Valley and adjacent regions. The
name is derived from Molas Lake, which lies on
the bench at 10,500 feet, west of the Animas Can-
yon and just south of the Silverton quadrangle.
The lake basin .is partly excavated in the Molas
beds and they are well exposed for some distance
south of the lake. . ‘

The Molas formation is distinguished as a car-
tographic unit on lithologic grounds, being a well-
characterized element in the Carboniferous section,
and because it records, in certain peeyliarities of its
sediments, important events of the preceding inter-
val of erosion, including the almost total destruc-
tion of a Mississippian formation. There may also
be a further reason for separating the Molas' and
Hermosa formations in certain observed faunal dif-
ferences, which are, however, as yet, not sufficiently
established to warrant laying much stress upon them.

The Molas beds were not included in the orig-
inal definition of the Hermosa formation by A. C.
Spencer (Twenty-first Ann. Rept. U. S. Geol. Sur-
vey, pt. 2, 1900, p. 48), although the Hermosa
was said to rest on the Ouray limestone. In the
localities examined before that definition was for-
mulated there was, in fact, a hiatus in the obser-
vations, the thin Molas beds being nowhere well
exposed. ]

The Molas formation may be defined as a thin
series of reddish calcareous shales and sandstones,
with many pebbles of chert and some of limestone,
quartzite, and other rocks, and with thin, fossilif-
erous limestone lenses, the fossils showing intimate
relations to those of the lower Hermosa limestones.
It occurs immediately below the Hermosa formation
and rests upon a surface of erosion. It represents
the earliest sediments of the Pennsylvanian in this
region. :

Lathologic character—The Molas formation is
specially characterized by its deep-red, friable,
sandy strata, which are variably calcareous and
often shaly. It is seldom very distinctly bedded
and disintegrates so rapidly on weathering that
good exposures are rare. In the lower part of the
formation dark chert nodules abound, and often
form a large part of flat lentils or discontinuous
layers.

Fauna.—Many of the chert nodules carry a Mis-
sissippian invertebrate fauna. In the uppermost
part of the formation some thin limestones, observed
in a single locality in the Needle Mountains quad-
rangle, contain the fauna which is described in a
succeeding paragraph and which is believed to
characterize the Molas beds. _

On Stag Mesa, on the southern slopes of the
Needle Mountains, some thin, discontinuous lime-

stone beds, rich in fossils, were found intercalated
in red and highly ferruginous sands of the Molas

and only a few feet below the characteristic lime-

stone at the base of the Hermosa. At no other
point have the fossils of the Molas been discovered.
These fossils have been studied by G. H. Girty,
who has made the following summary statement
concerning them:

The fauna of the Molas formation, though at present
imperfectly known, comprises representatives of the
echinoids in Adrcheocidaris triplex?, of the Bryozoa in
Rhombopora lepidodendroides, of the brachiopods in
Rhipidomella pecosi, Spirifer boonensis?, and Seminula
subtilita, and of the pelecypods in Myalina perni-
formis?. The Rhombopora, Spirifer, and Seminula occur
also in the Hermosa formation, and in the case of the
latter with the same varietal modifications and with
equal abundance. Thus the Molas fauna-is seen to be
related to that of the Hermosa formation, but contains
no species in common with the Ouray limestone. Some
points of individuality distinguish the Molas fauna from
that of the Hermosa, but it can not be conjectured how
far this would be borne out by full collections.

Stratigraphic relations.—In the Silverton, Needle
Mountains, Engineer Mountain, and Durango quad-
rangles the Molas formation rests upon a surface
due to the erosion whereby the lower Carbonifer-
ous formation was almost completely removed.
Although it has not been observed to lie upon any
other formation than the Ouray limestone, the
nature of the case permits the supposition that
somewhere in the region adjacent to the San Juan
Mountains it must transgress the lower Paleozoic
formations and rest upon Algonkian quartzites,
granite, or schist.

From the nature of the Molas beds they waste
away rapidly on exposure. At the base of the
high Hermosa escarpment on the west side of
the Animas is a bench underlain by the Ouray
limestone. The bench represents the Molas hori-
zon. Red sandy outerops occur here and there
and chert nodules are often scattered about, but
talus and other débris conceal the contact with the
Hermosa. :

The Molas and Hermosa seem to be thoroughly
conformable, and probably the former is the pro-
duct of the first epoch within the long period of
upper Carboniferous sedimentation. The red color
of its sediments and the other peculiarities men-
tioned characterize it. v

Distribution.—The Molas formation is not well
exposed in the Silverton quadrangle except near
the southern boundary. It is present, however, in a
thin band above the Ouray limestone, except on the
east side of the Animas, where pre-Tertiary erosion
removed it. It is present, also, in the fault block
of Cunningham Gulch, at least on the east side.

The Molas is present at Ouray, but its general
development on the northern side of the San Juan
Mountains is at present unknown. A portion of
the conglomerate about the Ouray limestone'in the
eastern side of Ironton Park probably belongs to
the Molas, but the exposures are too small and too
indefinite to be mapped.

" HERMOSA FORMATION.

Name and definition.—The Hermosa formation
was named and defined by A. C. Spencer in 1900
(Twenty-first Ann. Rept. U. S. Geol. Survey, pt.
2, 1900, p. 48). It includes the series of alternat-
ing limestones, shales, and sandstones, having a
maximum thickness of 2000 feet, which occurs on
the northern and southern flanks of the San Juan
Mountains. It lies between the Molas and the Rico
formations, the latter of Permo-Pennsylvanian age.
An extensive invertebrate fauna, especially char-
acterized by brachiopods, is found in the forma-
tion from bottom to top. This fauna is distinetly
Pennsylvanian in character. The name is derived
from Hermosa Creek, a tributary of the Animas
River which traverses a large area of these rocks
in the Engineer Mountain quadrangle.

Description.—The Hermosa presents a variable
development of limestone, sandstone, and shale
in different districts. Thus at Rico there is a
fairly well-defined division into three sections, the
lower consisting chiefly of sandstones and shales
with but little limestone, the middle portion being
rich in massive limestone beds, the upper contain-
ing mainly black and gray shales alternating with
green grits, sandstones, and a few limestone layers.

In the Animas Valley, near the mouth of
Hermosa Creek, the lower third of the complex

is made up of green sandstones and shales with
some gypsiferous shales, while the rest of the for-
mation shows limestone layers distributed through-
out. Along the great scarp facing the Animas
which extends for 10 miles in the Engineer Moun-
tain quadrangle, the limestones become more and
more prominent and certain bands are very thick.

Near and within the Silverton quadrangle the
formation is characterized by limestone layers dis-
tributed with comparative regularity from bottom
to top, none of them exhibiting the thickness
which is reached by some of the strata to the
south. :

‘The limestones are usually massive and are
bluish gray in color, and commonly contain bitu-
minous matter that gives off a distinct odor when
the rock is struck by the hammer. Many layers
are rich in fossils, while others appear to be desti-
tute of them.

The sandstones are generally fine grained, gray
or greenish, and consist largely of quartz, but are
often rich in feldspar. They are massive or thin
bedded, with shale partings. The cement is cal-
careous as a rule, and the green color is due to an
amorphous substance, the character of which has
not been determined.

The shales vary from greenish and sandy to
dark, calcareous, bituminous varieties. _

With all this variety in constitution the basal
stratum of the Hermosa over the entire area exam-
ined is constant. It is a highly fossiliferous lime-
stone, somewhat less than 15 feet in thickness.
The uppermost strata are not so well known,
but in the Rico Mountains they consist of fine-
grained, micaceous, greenish, sandy shales, beneath
which is a thin but persistent dark limestone filled
with the minute shells of T'riticites secalicus (for-
merly called Fusulina cylindrica).

Few members of the Hermosa complex reach
a thickness of 100 feet, but thicknesses ranging
from 10 to 50 feet are much more common. Indi-
vidual strata change laterally both in character and
in thickness. Under these conditions it has been
found impracticable to subdivide the complex
into smaller lithologic "units for purposes of map-
ping. As will appear from the statements con-

cerning the fauna, no division lines on that basis -

can be suggested.
Fauna and correlation.—The following descrip-
tion of the fauna of the Hermosa is given by

G. H. Girty:

The fauna of the Hermosa formation is distinetly
upper Carboniferous or Pennsylvanian in age. It cou-
tains such characteristic species as Triticites secalicus,
Meekella,  striaticostata, Chonetes mesolobus, Productus
nebraskensis, Spirifer cameratus, Acanthopecten carbon-
iferus, Allerisma terminale. '

If the formation be divided into three portions, espe-
cially a8 the division was carried out in the Rico region,
the fauna of each is to a certain extent characteristic.
That of the lower division consists almost altogether of
brachiopods. In the middle division a number of gas-
teropods are introduced, while in the upper, in addition
to brachiopods and gasteropods surviving from the mid-
dle division, a considerable force of pelecypods appears.
The brachiopods remain nearly constant in number, but
form a diminishing proportion of the entire fauna. The
brachiopodous representation remains fairly uniform,
though some changes occur in species and in abun-
dance. The lower bed especially is often characterized
by Productus gallatinensis, Productus inflatus, and a large
variety of Spirifer of the rockymontanus type.

The fauna of the Hermosa formation occurs also in the
‘Weber limestone and lower Maroon formation of the
Crested Butte district, and in the ‘Weber formation of
the Tenmile and Leadville districts. From this fact
and the similarity in stratigraphic occurrence a correla-
tion of these formations appears to be justified. The
Hermosan fauna represents early Pennsylvanian sedi-
mentation, and is probably older than the upper Coal
Measure faunas of the Kansas and Nebraska sections.

Distribution.—The Hermosa beds are prominent
within the Silverton quadrangle only in the south-
western section. Iere they are present in a thick-
ness of nearly 2000 feet on the southern slopes
of the mountains capped by the San Juan tuffs.
Along the eastern face of the Grand Turk and
Sultan Mountain the thickness decreases north-
ward from the angular unconformity at the base of
the Telluride conglomerate to the contact of the
monzonite stock. .

On the east side of the Animas only a small
remnant of the Hermosa remains south of Deer
Park Gulch.. In Ironton Park the exposures of
grits on the western side are referred to the Her-



mosa formation. These show the westerly dip,
which is normal to the Paleozoic section on the
western flank of the San Juan.

On the western side of the Uncompahgre Canyon
the lowest Hermosa beds are exposed for about 1
mile from the Ouray quadrangle line, where they
are cut out by the voleanics that rest on the pre-
Tertiary erosion surface. They have the northerly
dip of the general section.

RICO FORMATION.

The formation succeeding the Hermosa in the
normal section of the San Juan region was first
identified in the Rico Mountains and was named
and described by A. C. Spencer in the report on
that area already cited. It is a thin formation,
not easily identified in regions of poor exposures,
and although its actual presence in the Silverton
quadrangle and in the adjacent parts of the neigh-
boring quadrangles has been demonstrated by Mr.
Spencer through the finding of a few fossils, it was
not possible to trace it or define its thickness. It
is assumed, from the existence of fossils, that the
formation is present in a narrow band between
the Hermosa and Dolores formations, as shown by
the map. Until the section of the Animas Valley
lying farther south has been carefully examined a
description of the Rico formation in its probable
development in the Silverton quadrangle can not
be given. A brief sketch, mainly in the lan-
guage of Mr. Spencer, of its character in the Rico
Mountains must, therefore, suffice.

The Rico formation, in the mountains from which
it derives its name, is a series of sandstones and con-
glomerates with intercalated shales and sandy fossil-
iferous limestones, about 300 feet in total thickness.
Lithologically it resembles the “Red Bed” complex
above it more than the Hermosa below, but its fos-
sils are clearly of Carboniferous type, and are related
to those of the Hermosa. The general characteris-
ties of the formation near Rico are, first, its calca-
reous nature, in which it resembles the strata above
and below; second, the arkose character and the
coarseness of its sandstones, in which respect it dif-
fers from the Hermosa and resembles the Dolores;
and, third, its chocolate or dark-maroon color, which
contrasts sharply with the gray or green of the Her-
mosa and which is more or less distinct from the
bright vermilion of the Dolores. The color dis-
tinction was found_.to be insufficient for mapping
purposes, even in the restricted area of the Rico
Mountains. '

PERMIAN (?) SERIES.

CUTLER FORMATION.

Name and definition.—The sandstones, grits,
conglomerates, shales, and calcareous beds, mainly
of reddish color, occurring between the Rico beds
and the Triassic Dolores strata are here for the
first time distinguished as a formation. The beds
in question form the greater part of the well-known
“Red Beds” section of the region, and have been
hitherto provisionally included in the Dolores for-
mation. In the Telluride and La Plata folios and
in other publications the Dolores has been consist-
ently defined as including the Triassic strata of
southwestern Colorado, with the statement that
fossils demanding a reference to the Triassic had
been found only in the upper part of the “Red
Beds” section. On the western and southern
slopes of the San Juan Mountains no strati-
graphic break in the “Red Beds” has been found,
but the field work of 1904 in the Ouray quadran-
gle, on the northern side of the mountains, has
revealed a notable angular unconformity occurring
immediately below the most commonly fossiliferous
bed of the Dolores formation. Through this uncon-
formity the Dolores strata may be seen to transgress
more than 1000 feet of older “Red Beds” and sev-
eral hundred feet of the Rico and Hermosa forma-
tions, the full extent of the unconformity being
obscured by erosion.

In view of these facts the strata between the
Rico beds and the base of the Triassic have been
distinguished as a formation and named from Cut-
ler Creek, which enters the Uncompahgre River
from the east about 4 miles north of Ouray, and
along which a considerable part of the section is
well exposed. As the Cutler beds are conform-
able with the underlying Hermosa and Rico strata,
they are provisionally referred to the Permian
series. The Cutler formation may belong, how-
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ever, wholly or in part, to the Pennsylvanian
series, the stratigraphic break above them being
in that case much greater than the observed field
relations indicate. No fossils have been found in
the Cutler beds.

The name Dolores will continue to be applied to
the Triassic strata as originally defined, embracing
the fossiliferous conglomerate and overlying beds
up to the La Plata sandstone, of Jurassic age.

Description.—The Cutler formation is a complex
of sandstones, grits, and conglomerates, alternating
with sandy shales and earthy or sandy limestones.
The greater part of the formation has a bright
vermilion-red color, but there are some pale-red
or pinkish grits and conglomerates. A calcareous
cement characterizes nearly all the strata. Indi-
vidual beds of uniform character are seldom more
than 25 feet thick, and the formation shows great
lateral variation in composition and thickness.

Distribution. — The Cutler formation occupies
the southwestern corner of the Silverton quad-
rangle, lying beneath the Telluride conglomerate.
It also appears in the South Fork of Mineral
Creek. Its southwesterly dip brings it against the
Telluride conglomerate with angular unconformity,
and the full thickness of the formation is not rep-
resented in the quadrangle, although the overlying
Triassic strata occur at a short distance to the west
and southwest, in the Telluride and Engineer Moun-
tain quadrangles, respectively. The “Red Beds” of
the Cutler formation are very prominent in the Ani-
mas Valley to the south, and they also occupy large
areas in the Rico, La Plata, and other quadrangles
of the southern and western slopes of the San Juan
Mountains, while in the valley of the Uncompahgre
River in the Ouray quadrangle to the north their
unconformable relation to the Dolores is best shown.

TERTIARY SYSTEM.
TELLURIDE CONGLOMERATE.

Name and definition.—The Telluride conglom-
ate is a well-marked formation which underlies the
San Juan tuff and was formed in the period imme-
diately preceding the beginning of the long suc-
cession of volcanic eruptions in this region. It
includes the sediments first deposited after the. ero-
sion that developed the peneplain on which it rests.
It was first identified in the Telluride quadrangle,
where it is finely developed and revealed for exam-
ination, and it is now renamed after the town of
Telluride since the term San Miguel, under which
it was originally described, was preoccupied for a
Cretaceous formation in Texas.

Description.—The Telluride formation varies
greatly in texture and thickness, ranging from
a thin, coarse conglomerate in the Silverton
quadrangle to a complex of fine-grained con-
glomerates, sandstones, and shales about 1000
feet in thickness as developed in Mount Wil-
son, on the western border of the Telluride area.
Nearly all stages of this change can be studied in
the distance of 17 miles between the eastern ledges
of Grand Turk and the exposures on Mount Wil-
son. The formation is described in detail in the
Telluride folio. It is made up of detritus of schist,
granite, Algonkian quartzite, and slate, and lesser
amounts of the harder sediments of the Paleozoic
formations, in particular of limestone. In the
coarse conglomerate of the southwest section of
the Silverton quadrangle and adjacent portions of
the Telluride, the lower half of the formation is
rich in limestone and contains some red sand-
stone, while such materials become scarcer in the
upper layers. This clearly expresses the change
in character of the rocks exposed in the moun-
tain area furnishing the débris as erosion removed
the sedimentary shell covering the schists and
granites. The lowest layers of the Telluride con-
tained fragments of the formation immediately
below, and these range from the schists to the
Cretaceous shales underlying it in Mount Wilson.
The bowlders of the conglomerate often exceed a
foot in diameter, but are generally only a few
inches. Many are well rounded, but subangular
fragments are common, especially of the local mate-
rial which has not been transported far.

The isolated exposures of the conglomerate found
east of the Animas River and in the Uncompahgre
Valley are naturally made up of local material.

Stratigraphic relations and distribution.— As
stated in the definition, the Telluride formation
conformably underlies the San Juan tuffs. While
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no volcanic matter appears in the Telluride proper,
there is a zone of transition in some places, the
pebbles of quartzite or schist being scattered
through a few feet of the tuff and sporadically
for a hundred feet or more. But in general the
line is sharply defined by a sudden change in
materials. The impression is that the mechan-
ical process of deposition was practically contin-
uous, but that there was a sudden change in
the nature of the débris after the outburst which
began the great volcanic period.

The thoroughly unconformable relations of the
Telluride with all underlying formations are dis-
cussed at length under the heading ‘Geologic
history,” in considering the origin of the sur-
face on which the conglomerate rests.

The distribution of the conglomerate is shown
by the map. It is a continuous formation west
of the Animas, but decreases to a minimum
observed thickness of hardly more than 30 feet
in some places. East of the river it is found at
a few hundred feet higher elevation than on the
west, along both the north and the south side of
Whitehead Creek, in patches occupying hollows
in the old schists, ete., and at various elevations.
The largest of these are in the Needle Mountains
quadrangle. In the drainage of Cunningham
Gulch it occurs in Mountaineer Creek. A small
outcrop of conglomerate, probably referable to the
Telluride, appears on the south side of Deep Creek
at an elevation of 11,350 feet.

In the northern portion of the quadrangle the
most extensive outcrops are in Canyon Creek,
where a thin band of conglomerate underlies
the San Juan tuffs. In the Uncompahgre sev-
eral local occurrences have been noted, in hol-
lows in the hard Algonkian rocks. A poorly
exposed quartzite conglomerate occurring above
the Ouray limestone at the Saratoga mine, Iron-
ton Park, is believed to belong in part to the Tel-
luride. These northern exposures of the Telluride
are nearly 2000 feet lower than the ledge on Sul-
tan Mountain.

Age and correlation.—The Telluride conglomer-
ate has as yet yielded no fossils by which its age
may be determined. The reference to the Eocene
in this place is in accord with the procedure in the
Telluride folio, no additional data bearing upon the
question having been discovered. The conglomer-
ate islater than the great orogenic movement which
affected the entire older sedimentary section of this
region, and also later than the enormous erosion
which produced the peneplain on which the con-
glomerate rests. The observed angular unconform-
ity at its base transgresses the section from the
Algonkian to the Mancos shales (Cretaceous).

The relations mentioned suggest a correlation of
the Telluride conglomerate with the Arapahoe for-
mation of the Denver region, and such a compari-
son carries with it the further correlation of the
San Juan tuffs with the Denver beds, which are
composed largely of andesitic débris. Both the
Arapahoe and Denver formations are fossiliferous,
and according to current paleontological opinion
they should be considered Cretaceous, although
they are separated from the Laramie proper by
an interval of great orogenic disturbance and
subsequent erosion.

The Denver beds have, in fact, an equivalent,
indicated by plant remains, in the Animas beds of
the section, well shown a few miles below Durango,
but there is no conglomerate comparable with the
Telluride in that section, and the correspondence of
the San Juan tuffs and the Animas beds is purely
lithological so far as known. Under these circum-
stances it is thought best to await further investi-
gation in the San Juan region before making any
positive correlations of the Telluride and San Juan
formations. For a discussion of this question the
reader is referred to the Telluride folio and to the
monograph upon the “Geology of the Denver
Bagin” (Mon. U. S. Geol. Survey, vol. 27, chap-
ter 3).

Subaerial Deposits.
QUATERNARY SYSTEM.
Certain surficial deposits of Pleistocene and

Recent age that are characteristic of mountain
regions are particularly well developed in the Sil-

verton quadrangle. They comprise not only the

alluvial or flood plain deposits of the larger valleys,
with the associated fans of detritus at the mouths of

tributary streams, but also moraines and terraces
of glacial gravels, and accumulations, covering con-
siderable areas, of disordered land waste, which
have come to their present positions as landslides
from the heights above. In addition to all these
surface deposits, which are in no way unusual,
there are in many of the high amphitheaters or
cirques great talus heaps and other peculiar aggre-
gations of material resembling ordinary talus in
its constitution, though the form of these deposits
and their relations to the cliffs from which their
rock fragments have been derived at once pre-
clude the possibility of considering them products
entirely of the simple agencies of frost and gravity.

MORAINES.

Character—The detritus formed, as is supposed,
directly by glacial action, has only here and there
a form indicating that it represents the outline of
either a terminal or a lateral moraine, and in all
such cases it lies in some small basin. Much
more frequently the gravels or bowlder masses
occur in isolated patches on the valley slope, in
such position as to show that they belong to the
junction moraine of two glaciers. Such patches
usually form a local veneer, a remnant of a former
mass. The scattered bowlders on many slopes and
the absence of notable masses of gravel in many
gulches where they must have once existed testify
to the extensive removal of morainal débris.

In the lower portions of valleys the glacial mate-
rials have the character of till or ground moraine,
or, as in Mineral Creek and Bakers Park, of rear-
ranged gravels, perhaps more properly considered
alluvial. :

Distribution.—The principal morainal deposits
of the quadrangle are in the immediate vicinity of
the town of Silverton. They have been trans-
ported and laid down by the glaciers which once
filled the valleys of the Animas River, Cement
and Mineral creeks, and the South Fork of Min-
eral Creek. One of the largest morainal deposits
lies on the slopes of the hill west of Bear Creek,
south of the point where the South Fork joins
Mineral Creek. It is a thick covering of sand,
gravel, and bowlders, which extends from Bear
Creek westward for over a mile and completely
masks the solid rock for a thousand feet up from
the river. Bowlders of the Telluride conglom-
erate are numerous, and with them are others of
red sandstones and a gray quartz-monzonite of the
kind occurring at Rolling Mountain, at the head
of South Fork of Mineral Creek, in the Telluride
quadrangle. The lower portions of this covering,
as shown in ravines, have sometimes the character
of till, or ground motaine, smaller bowlders and
pebbles being embedded in a fine, sandy clay.
There are similar bowlder deposits on the hillsides
northwest of the forks of Mineral Creek, but of
less extent. From the nature of the materials it
is evident that they must have been supplied by
the South Fork glacier.

Northeast of the forks of the creek is a terrace-
like deposit of rearranged gravels and sands that
have probably come from the head of Mineral
Creek. This bench is at present covered in its
upper portion by the talus cones which have
descended from the west shoulder of Anvil Moun-
tain, and no evidence was observed to indicate
whether the vertical extent of glacial material was
in any way comparable to that of the moraine
directly south. These gravels are converted into
conglomerate through cementation by iron-bearing
waters.

On both sides of the Animas River, and on the
northeast side of Cement Creek north of Silverton,
there are terrace-like deposits of gravels and sands
that are plainly of glacial origin, the bowlders
being subangular and striated. Those along the
Animas River suggest, by their smooth, even sur-
faces, that they were directly deposited by water,
or at least had their forms modified by this agent. -
The gravels have been cut into by the river and
by some side streams, while much of the surface
is obscured by later torrential cones from small
ravines and gulches. In Cement Creek the sur-
face of the gravel deposits is more hummocked,
and more truly suggests actual deposition by the
ice as a ground moraine.

In very many of these deposits, especially those
which are more in the nature of thin coverings
on the hillsides, the gravels have been firmly



cementéd by the infiltration of ferruginous mate- |’

rials, and where exposed in road cuts and along
the banks of streams have the appearance of out-
crops of massive conglomerate.

All along the south side of the Animas as far as
Minnie Gulch there is much morainal material.
Below Arastra Gtulch these deposits, which run up
the slope into the timber, are not mapped because
they are so intimately mingled with' landslide and
probable rock-stream detritus that they could not
satisfactorily be distinguished from these. - Farther
up the valley, on either side of the mouth of
Minnie Gulch, and south of Maggie Gulch, thick
bodies of mingled bowlders, gravel, and sand
extend up to an altitude of 12,000 feet above
sea level. Smaller patches may be seen at inter-
vals farther up Minnie Gulch.

In the Rio Grande drainage, in the neighbor-
hood of Sheep and Canby mountains, the hillsides
are covered by glacial gravels which are often so
intimately mixed with the landslide material that
the age relations of the two can not be determined.
These last deposits can hardly. be described as
moraines; they are rather thin sheets of till.

Other morainal masses indicated on the map lie
south of Mill Creek and across Spirit Gulch, the
latter mass being a well-defined terminal moraine.
A small but interesting patch of gravel occurs
directly on the divide between Mineral and Red
Mountain creeks. It is characterized by porphyry
pebbles which are more like the small stock at
the mouth of the Middle Fork of Mineral Creek
than any other observed body. On the west side
of Ironton Park glacial gravels occur in consider-
able extent.

From the nature of the topography of the quad-
rangle it is plain that glaciers filled all the valleys
at-one time, as their detritus is very commonly
found in scattered bowlders or small gravel patches.
No attempt is made to represent all these occur:
rences, as that would unduly obscure the solid rock
geology. In landslide areas the glacial gravels are
not outlined because slides have occurred at later
dates, and these are shown by preference.

LANDSLIDES.

An extensive area occupied by landslide masses

.occurs on either side.of Red Mountain Creek from

Hendrick Gulch on the north to the head of the
creek and across the divide for a short distance on
the Mineral Creek side. Within this area there is
but little rock in place, although several knolls of
much-altered rock project at the Yankee Girl and
other mines. The landslide character is primarily
disclosed by the topographic details illustrated in
figs. 6 and 7. The slopes are made up of a great
many small knolls, mounds, or short ridges of
fractured and disordered rock. No regular drain-
age channels exist, but here and there, behind a
knoll,  will be found a stagnant pool or hollow
where water has stood at some time of flood or
melting snow. o

- Some blocks exhibit portions of andesite flows

- or tuffs, but these stand_in all manner of attitudes,

and adjacent blocks are made of different materials
with varying structure. The slide blocks from the
western slope exhibit this varying character much
more clearly than those coming from the east,
since they are made of fresher rock, in more mas-
sive condition than the others, which come from
slopes of much altered and jointed rock. The two
kinds of slide masses mingle in the bed of Red
Mountain Creek, which for 2 miles above Ironton
winds its way around and between slides that have
partially filled its channel, as can be seen in fig. 7.

In the area shown in fig. 6 there are hundreds
of these small slide blocks. Many have not come
far and the phenomenon is on the whole a super-
ficial one. The upper line of a slide surface is
often a trench-like ravine running horizontally or
diagonally along the slope. In some places ravines
of this sort are continuous for such distances that
they border distinct sections of the slide surface.
Such ravines, represented on the topographic map,
lie west of Corkscrew Gtulch and across the slope
diagonally from the south side of Hendrick to
Albany Gulch. The small slide masses are in
various stages of disintegration, consequent upon
the thorough shattering of the rock, which is often
made easy by its much jointed or unconsolidated

condition. Some masses appear as smooth gravel-

covered mounds.
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-On the western side of Ironton Park, north of
Full Moon Guleh, a large part of the surface for
1500 feet above the park is to some extent covered
by much disintegrated landslide débris, which
creeps down to the road. This is only a veneer, as
ravines testify in many places, and no representa-
tion of landslide appears on the map. The map
simply shows the notable areas within which
nearly all the surface is of slide rock. Within
such areas there are some knobs of rock in place.

The other landslide patches of the quadrangle
are comparatively small, being traceable to the fall
of some projecting slab from the face of a cliff.
The most interesting of these landslides are the ones
of Cleveland Gulch, Sheep Mountain, Kendall
Gulch, and Hayden Mountain. Details concern-
ing some of them may be found in the descriptions
of local geology. - The cause of these landslides is
discussed in a later paragraph.

ROCK STREAMS.

Many glacial amphitheaters of the Silverton
quadrangle contain peculiar masses of rock débris
which have been called “rock streams,” since they
appear to have moved, in a manner akin to the flow
of a glacier, for some distance away from the source
of the fragments. These masses have sharp out-
lines and are in many cases much older than the
common talus accumulations of fragments of similar
size and shape. There are cases, however, where the
rock stream and talus of a certain character seem to
blend, as in the basins south of Henson Creek,.and
in such instances the two are mapped together.

These rock streams are not unique; still they
present such unusually well-defined characters and
are so abundant that they become one of the for-
mations characteristic of the quadrangle, and the
question of their origin is discussed at some length
in this text under the heading ‘“Physiographic
development of the quadrangle” (p. 25). For
details as to their character the reader is referred
to that discussion.

VALLEY ALLUVIUM.

The town of Silverton is built upon the flood
plain of the Animas River. This flood plain
extends up the Animas as far as the mouth of
Boulder Gulch, and another higher one occurs
between Howardsville and Eureka, the interven-
ing space between Howardsville and Boulder
Gulch being occupied by a narrow canyon cut
in the older and broader floor of the valley. West
of Silverton the flood plain extends up Mineral
Creek a little beyond the forks, although: between
Burro Bridge and. Chattanooga the floor of the
valley is filled with - alluvium. Ironton Park,
through which Red Mountain Creek meanders
before dropping into the narrow gorge of the
Uncompahgre, has an almost level floor of allu-
vium 2 miles long and averaging one-half mile
in width (fig. 2). In addition to these prom-
inent occurrences many of the tributary creeks
have developed flood plains of sufficient impor-
tance to be indicated upon the map. Among these
may be mentioned Arastra, Cunningham, and
Eureka gulches, Deep Creek, and a small part
of Cement Creek at the forks at Gladstone.

TORRENTIAL FANS.

The youngest of the Recent deposits are the fan-
shaped accumulations of detritus at the mouths of
very many of the gulches which empty into the
larger streams. These torrential cones are formed
of bowlders and gravels which have been carried
down the gulches at times of unusual activity on
the part of the streams and deposited on the flood
plains or broad bottoms of the large valleys. The
greater number of these fans are now grass-grown

-or timber-covered, but a few that have derived

their material from young ravines in the regions of
much altered rock are still in process of formation
and are without soil or trees. A capital example
of this kind of cone is to be seen on the northeast
side of Maggie Gulch, under Middle Mountain.
No better cones of the older grass-covered sort can
be found than in the immediate vicinity of Silver-
ton, at the base of Anvil Mountain.

IGNEOUS FORMATIONS.

The oldest igneous masses of the quadrangle are
the granites and dark basic dikes which penetrate
the schist complex, as illustrated by the map. The

‘greater part of the igneous rocks of the district |

belong, however, to the great complex of surface
lavas, tuffs, and agglomerates of the San Juan vol-
canic series. The surface rocks are penetrated by a
number of crosscutting stocks and dikes, of several
types, some of which are similar in chemical and
mineral composition. and in texture to the lavas,
while others are of different character. Some of
these intrusive rocks occur in sheets or laccolithic
masses.

The volcanic complex found in this quadrangle
is divisible into several groups representing epochs
of eruption. These large groups are in part those
first distinguished in the survey of the Telluride
quadrangle and described in the Telluride folio,
but the development of these groups in the Silver-
ton area is in strong contrast to that found either
to the west or to the east. There are in the Silver-
ton area some members of the volcanic succession
which do not now occur in the Telluride.

Upon the Hayden map of the San Juan region the igneous
rocks are classified as ‘‘trachoreite,” trachytic breccia, and
basalt. The former is a term devised by F. M. Endlich to
include everything between rhyolite and basalt. All the vol-
canie series of the Telluride and Silverton quadrangles, frag-
mental or massive, as well as the granular stock rocks which
cut them, are mapped as “ trachoreite,” and some of the intru-
sive masses of porphyry in adjacent sedimentary areas are
alsorepresented under the same designation. Basaltis known

to have extensive development in and adjacent to the San
Luis Valley, but no localities of ‘““trachytic breccia” were

examined during the recent survey, and the true character
of the rocks so called is unknown. An examination of speci-

mens collected by Endlich and preserved in the National
Museum shows that rhyolite, a number of andesites, diorite,
monzonite, gabbro, and several porphyries were obtained by
him in areas mapped as ‘‘ trachoreite.

Pre-Paleozoic Eruptives.

GRANITE.

There are three general areas within the Silver-
ton quadrangle in which granite occurs. The first
is the schist region south of Silverton, the second
is near the head of the Lake Fork of the Gun-
nison River, while the third is in the extreme
northern part, where dikes of granite-porphyry
cut the Algonkian quartzites and slates.

Biotite-granite—~About half a mile south of the
mouth of Sultan Creek, in the Animas Canyon, in
a zone of garnet-bearing schist, there are exposed
several dikes of granite, from 2 to 20 feet in

- thickness, the rock being of a grayish-pink color.

These dikes follow approximately the schistosity,
and rise on the east side ‘of the canyon, in some
cases for 1000 feet, giving off numerous branches,
and gradually dying out. On the west side of the
river the dikes may be seen cutting the walls to
the top of the canyon, where they become more
and more connected and interlaced, until they
finally join a boss of the same rock a little dis-
tance west of the river. The map gives a neces-
sarily much generalized representation of this mass
and its apophyses.

Close to the southern boundary of the quad-
rangle, in the Animas Canyon, tongues and dikes
of a reddish, irregularly grained granite cut the
schists. These are offshoots from a large mass
occurring east.of the canyon and along the north-
ern side of Whitehead Creek. This rock also
occurs west of the canyon in a network of inter-
secting dikes in the schist, but the principal
exposures are south of the Silverton quadrangle, in
the Needle Mountains quadrangle. There are a few
other small granite masses in the schist area which
may be grouped with the Molas and Whitehead
bodies, for the purpose of description, uuder the
single head of biotite-granite.

The granites mentioned are even-grained or
rather coarse-grained rocks, of a pink, light-red, or
grayish color, and have the usual granitic texture,
with a tendency, on the part of the Molas granite,
to become porphyritic in apophyses.

The essential minerals of these granites are feldspar, quartz,
and biotite, the first two always in abundance, the feldspar
predominating. The potash feldspars strongly predominate
over those of the soda-lime series. Orthoclase usually exceeds
microcline in amount. In the porphyritic facies of the Molas
granits both of these minerals oceur as phenocrysts. Biotite,
though always present, is in some places of minor impor-
tance, occurring as minute flakes sparingly disseminated
through the rock, while in other places it is very prominent,
giving the rock a decidedly gray color. In addition to these
principal constituents muscovite is also found occasionally as
an original mineral. Accessory minerals are unusually sub-
ordinate, magnetite and apatite being the commonest, titan-

ite occasionally occurring, and rarely garnet, zircon, and
rutile—the last being present as inclusions in biotite.

Muscovite-biotite-granite—Along the Lake Fork

~of the Gunnison, reaching up the mountain slopes

on both sides, occurs a large fault-bounded mass of
granite distinet from that of the Animas Canyon
and more nearly related to granites occurring just
east of the quadrangle in Cuba Gulch and Cotton-
wood Creek. = This granite is commonly coarse
grained, often extremely so, and is pink or light
in color. - The dark silicates are never prominent.
The mass forming Edith Mountain exhibits much
variation, both in composition and in texture, and
there may be a complex of intersecting bodies,
but it is traversed by numerous fault planes and
is locally much brecciated, and no. original contacts
of different facies were observed.

The constituents of this mass are orthoclase, microcline,
quartz, biotite, and muscovite. Parts of the mass contain
almost no biotite, and other parts are very poor in or entirely
without muscovite, but the rock as a whole is essentially
muscovite-biotite-granite. The principal feldspar is ortho-
clase, which is accompanied by microcline and rarely by
plagioclase. In one specimen collected microcline was found
to be considerably in excess of all other minerals, and this
probably represents some local, distinet mass. Quartz, bio-
tite, muscovite, and the accessories, magnetite, apatite, and

_titanite, have the development common in granite. Second-

ary muscovite, kaolin, and limonite are generally present as
the alteration products of the feldspar and biotite. The
granite is cut by aplitic and pegmatitic dikes which differ but
little from the rock as a whole in mineral composition.

Porphyritic granite—North of the Silver Link
mine, on the east side of the Uncompahgre River,
near where it is joined by Red Mountain Creek,

"a granite-porphyry cuts the Algonkian quartzites

directly at the contact with San Juan tuffs. Only
the lower irregular contact with quartzite is seen.
The rock extends 100 yards northward from the
small ravine next north of the Silver Link and
forms a point of irregular shape that projects above
the common tuff level. Another dike of granite,
2 feet wide, and some small pegmatite veins were
also found in the quartzites of this vicinity.

The porphyry has a pink, fine-grained ground-
mass, in which are phenocrysts of feldspar (chiefly
microcline) and quartz of extremely variable size

-and distribution. . .

DIABASE AND METADIABASE.

The Archean schists of the Silverton quadrangle
are cut by two distinet series of basic dikes. The
rocks of the older series have been so intimately
involved in the regional metamorphism that they
are now finely sheared amphibolites, though still
possessing the usual field relations of intrusive

‘bodies. The younger series of basic dikes can

itself be subdivided into two classes: (1) fresh or
slightly altered diabase and (2) metadiabase, horn-
blendic rocks exhibiting more or less evidence of
. . . ¢
having been derived from diabase through meta~
morphism attending great crushing and strain. In
the description of these rocks the diabase will first
be considered, then the metadiabase, and finally the
rocks of the older series, the amphibolitic schists.

Diabase.—In the region south of Deep Creek,
and along the Continental Divide, a number of
dikes occur which may be broadly described as
diabase. Some are remarkably fresh and possess
the usual texture and mineral composition of dia-
base; others show signs of alteration and dynamic
metamorphism, and in extreme cases are now
totally different from the original rock. These
differences have been observed in the same dike,
one portion of which may be a normal diabase,
while another is an amphibolite with schistosity
often well developed.

The fresh and unaltered diabase is a medium-grained rock,
brown-black in color, and possessing the usual ophitic texture.
The individual minerals are almost too small to be readily dis-
tinguished by the naked eye, but in most cases rude crystals
of a plagioclase (lime-soda) feldspar can be made out, associ-
ated with a dark silicate found to be a pyroxene. Under the
microscope the ophitic texture is pronounced, broad laths of
plagioclase being grouped in radiating aggregates, with grains
of augite, magnetite, and occasionally biotite in the interstices.
Augite and plagioclase are nearly equal in amount. The
plagioclase feldspar has been found to be in almost all cases
labradorite of the composition Ab;An,.

The alteration of the augite will be considered in the dis-
cussion of the metadiabase, and at this point it is sufficient to
state that the usual produect is hornblende. Epidote and
chlorite, also, occur as secondary minerals after both augite
and the plagioclase.

Metadiabase—Many of the dikes of the Deep
Creek region, although apparently belonging to
the same series as those which have been just
described, are, in fact, distinct mineralogically
and texturally. ~

Megascopically these rocks are sometimes schistose rather
than ophitie, and are somewhat coarse grained, and one does
not require a microscope to discover that the dark silicate is
hornblende instead of angite. When the rocks are examined
under the microscope, it is at once evident that all of them
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have been crushed and sheared, some more than others, and

that very little of their original texture remains. Green pleo-
chroic hornblende is the most abundant constituent, and
biotite is frequently associated with it. Some strongly calcic
plagioclase has been recognized, but usually the strains to
which the rocks were subjected have been so great that the

feldspars are now crushed and granulated and are beyond sat- .

isfactory determination. Occasionally feldspar occurs as
poikilitic inclusions or intergrowths with the hornblende
The accessory minerals are not prominent, but are more

numerous than in the diabases, titanite and apatite being ;
present in addition to the iron ores. The secondary minerals, |
epidote, kaolin, muscovite, and chlorite, are abundant, and

zoisite and caleite are not uncommon.

These rocks were no doubht all originally diabase, but from .

the association and accompanying differences in character it

seems probable that these two sets of dikes represent some- .

what different periods of eruption of similar but not identical
magmas. Some specimens have been found which show
almost no sign of crushing, yet hornblende is the prominent
ferromagnesian silicate, and enough original plagioclase is
preserved to show that it was formerly present in lath form
and that the rock had an ophitic texture. One specimen
showed that shearing had followed the development of the
hornblende rods, which were bent or erushed and partly
mixed with the granular feldspar. These intermediate tex-
tures are not common, and the majority of the hornblendie
dikes are very much crushed. Direct transitions from augite
to hornblende have not been found in these rocks, although,
as has been shown, there is a tendency on the part of the
augite in the diabases to alter to hornblende. This change,

* however, is so common elsewhere that the absence, in the

rocks examined, of examples showing the augite in process
of passing into hornblende is not sufficient to disprove the
derivative nature of the hornblendic dikes.

The altered dike rocks described are similar to a series of
small dikes occurring in the granites and gneisses of the
Royal Gorge of the Arkansas River, in which a change from
an ophitic or granular to a very pronounced schistose texture
can be observed. In these rocks the paramorphic nature of
the hornblende is very clear.

Amphibole-schists in dike form.—The oldest dike
rocks that can now be made out in the Archean
area in the Silverton quadrangle are extremely
fine-grained schists. Actinolite is the principal
constituent of these rocks, a little granular feldspar
and iron ores being associated with it. The actin-
olite occurs in small blades that lie parallel to the
schistosity.

In view of what has been said of the metadia-
base dikes and their derivation, it is highly prob-
able that these schistose basic dikes have been
derived from diabase originally, although they
must have belonged to an earlier period of erup-
tion. Their schistosity is parallel to that of the
inclosing rocks and has nothing whatever to do
with the dike walls. Small tongues or stringers
are frequently seen as offshoots from a main
dike and intruding the older rocks irregularly, but
the schistosity is always in the same direction.
Dikes of this sort are not numerous in the Sil-
verton quadrangle, but farther south, in the
Needle Mountains and in the Animas Canyon,
they are common. No attempt has been made
to map these dikes, as they are very small.

Tertiary Volcanic Rocks.

SAN JUAN TUFF.

The San Juan tuff and breccias constitute a well-
stratified pyroclastic formation and may be said to
belong with the sedimentary rocks, but as they
distinctly form the first known member of a great
voleanie series they are here included in that cate-
gory.

Occurrence.—The series of bedded tuffs, breccias,
and agglomerates which has been called the San
Juan formation and which has an important devel-
opment in the Telluride quadrangle, west of the
Silverton area, is here much less important and
is frequently represented by a thickness of less
than 100 feet, in striking contrast to the 2000 or
more feet found in the area to the west. This dif-
ference is largely due to the very uneven floor upon
which the tuffs accumulated. Undoubtedly the
upper parts of the formation were once contin-
nous with beds to the west, but in the Silverton
area were removed by the erosion which is known
to have taken place:before the outpourings of later
lavas. In the western part of the quadrangle, at
the extreme north and south, thick and very typ-
ical exposures of the San Juan tuffs occur, but in
these localities the tuffs are connected directly with
those of the Telluride and Ouray quadrangles.
More or less isolated exposures occur in Deep
Creek, Cunningham Guleh, and Snare Creek,
while on the lower slopes of Kendall Mountain
are deposits of tuffs, referred to the San Juan, that
are so altered by intrusions of rhyolite and mon-
zonite as to be barely recognizable. From the
South Fork of Mineral Creek northward there is
probably an extensive development of the San
Juan, but it, together with later lavas, has been
so decomposed and altered that in not a few cases
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it is practically impossible to distinguish between
them.

Wherever the Telluride conglomerate occurs San
Juan tuff rests upon it, but this conglomerate ig'not
persistent east of the Animas River, and the San
Juan there generally rests unconformably on other

| rocks. This unconformity is particularly striking

in Whitehead Gulch, where the tuffs filled many
depressions in the old land surface.

During the survey of the Telluride quadrangle
the Silverton area wa$ supposed to be the source
of the materials constituting the San Juan tuffs,
but no direct evidence has been obtained in the
Silverton region of any center of volcanic outburst
or explosion of sufficient magnitude to have sup-
plied the vast amount of débris which goes to make
up the San Juan formation. Its source is, there-
fore, still unknown.

Description.—The San Juan formation of the Sil-
verton quadrangle, as in the Telluride, is a series of
tuffs, breccias, and agglomerates of andesitic mate-
rial, in part apparently water-laid and in part of
subaerial deposition. A maximum thickness of
2500 feet has been found in Canyon Creek, but
in other localities much less is present. The char-
acter of the section is apparently much the same
whether the beds be thick or thin, but slight
variations being noticeable in widely separated
occurrences. A breccia often appears at the base,
sometimes so filled with bowlders of granite as
to be with difficulty differentiated from the Tel-
luride conglomerate. This breccia usually extends
upward for about 50 feet and is succeeded by finer
tuffs, often very massive and without detailed evi-
dence of stratification, although exposures when
seen from a distance clearly show their bedded
character. In the southwest portion of the quad-
rangle this is particularly true, but on the east side
of the Uncompahgre there is a larger thickness of
coarse agglomerate at the base and thin bands
of tuff alternating with breccia above, while near
Deer Park and Whitehead Creek the beds are fine
grained and well bedded throughout, with no basal
breccia. Occasional layers of thin-bedded muds
or fine sands are found, which are plainly water-
laid, and in striking contrast to the chaotic agglom-
erates. While no determinable fossil remains have
been found in these tuffs, the finer-grained beds
occasionally contain indistinct carbonized plant
stems.

The colors of the formation when freshest are
neutral blues, grays, and brownish-purples, with
sometimes vivid greens and robin’s-egg blues.
Such colors may be seen in exposures in the
southern part of the quadrangle as well as in
the area lying beyond Bear Creek on the north,
but in many places where there has been impreg-
nation by iron sulphides subsequent oxidation has
stained the tuffs red or yellow, and the decompos-
ing action of mineral-bearing waters has often so
changed the whole character of the rocks as to
practically destroy all individuality. In view of
the fact that the tuffs of the San Juan are so very
generally decomposed in the Silverton quadrangle,
no detailed petrographic study has been attempted;
more especially as these same rocks, from fresh
exposures, have been described in the Telluride
folio, from which the following paragraph is taken:

A microscopical study of the fine-grained tuffs and of
the larger rock fragments shows that all particles, large
or small, belong to rock masses which have been broken
up by some foree, presumably an explosive outburst at
one or more volcanic vents. As yet no true ‘‘bombs,”’
or smaller particles have been detected which can be
considered as having been ejected in a partially fused
condition at the time of eruption. Excepting the gran-
itic and sedimentary débris found sparingly in the lower
beds, the materials of the San Juan tuffs, etc., seem to
be of various typesof andesite. Hornblende- andaugite-
bearing varieties prevail, of many different textures. It
is also probable that latite is abundant.

SILVERTON VOLCANIC SERIES.

General relations—The San Juan tuffs of the
western portion of the volcanic region are overlain
by a series of lavas and fragmental accumulations
whose characters indicate a phase of eruptive activity
which it is desirable to distinguish upon the map
and in discussion. The San Juan fragmental beds
were very extensively eroded in the epoch preced-
ing the Silverton eruptions, and the activity of the
later time was of a character different from that of
the first epoch.

The Silverton series is relatively unimportant

in the Telluride quadrangle and was named the

“Intermediate series,” in the Telluride folio, as
an expression of its position between the San
Juan andesitic tuffs and the Potosi rhyolite series,
and, further, of its transitional petrographic char-
acter. But in the Silverton quadrangle this series
has a thickness of more than 3000 feet, and is the
principal rock group; hence the indefinite term
previously used is replaced by the more appro-
priate one, the Silverton series.

The distribution of the Silverton series within
the quadrangle is shown by the map, and the vari-
ations in thickness also appear from the topo-
graphic features or are partially expressed by the
structure sections. Although the amount of ero-
sion in the interval following the Silverton erup-
tions can not be estimated, it was apparently very
extensive, and this fact partially accounts for the
rapid thinning out of this series to the south, west,
and north. The relations to the east are not yet
well known.

In its broader features the Silverton series is a
mixture of lavas of two or three different chemical
types which can not plausibly be supposed to have
issued from a single volcanic vent. The number
of different textural rock types exhibited in the
Silverton quadrangle is much larger than in the
Telluride area. Present knowledge of the distri-
bution of these lavas indicates that they were of
local origin. In this quadrangle the rocks occur
in both flows and ecrosscutting bodies, and the
rapid variations in thickness of the surface flows
suggest that the sources of these rocks were near at
hand if they were not actually the fissures occupied
by observed dikes. No central vent for either of
the lava types has been found.

Members of the series—The lowest observed
member of the series is the Picayune andesite,
seen in the Animas Valley about the mouth of
Picayune Gulch. It is not elsewhere known at
the base of the series. A similar andesite, which
is intrusive, occurs at the head of the Lake Fork
of the Gunnison River.

The rock which rests on the Picayune andesite
and is the oldest member of the series present in
most places is the Eureka rhyolitic flow-breccia,
with variable tuffs. This rock was first observed
in the Telluride quadrangle.

Upon the rhyolitic lava rests a rock called the
Burns latite, appearing in both flows and tuffaceous
beds. It is a hornblendic rock, and other isolated
latites are referred to this member of the series
largely through petrographic similarity. In con-
nection with the Burns latitic tuff there are some
peculiar calcareous strata containing scanty fossil
evidence of the age of these eruptions.

The Burns hornblendic latites were succeeded
by a complex of dark pyroxene-andesites, mainly
in flows, but with tuffs and agglomerates in~many
places. These probably constitute the last erup-
tions of the Silverton period, being followed after
an interval of unknown length by the Potosi
quartz-latite and rhyolite series.

The various members of the Silverton series will
now be described more fully.

PICAYUNE ANDESITE.

The earliest lava of the Silverton series, as indi-
cated by known exposures, has been called the

| Picayune andesite, from its occurrence at the

mouth of the gulch of that name, tributary to
the Animas between Eureka and Animas Forks.
As shown by the map, the rocks included under
this name occur there in an irregularly shaped
area bounded in part by faults. The following
description applies also to the intrusive andesite
of the Lake Fork of the Gunnison, which repre-
sents a second eruption of the Picayune magma.

Description.—The Picayune type of andesite is
a rock of pronounced porphyritic texture through
its abundant tablets of labradorite, which lie in a
groundmass usually much stained by chlorite, giv-
ing the rock a dark-green color. Altered prisms
of a pyroxene now completely replaced by chlorite
are also prominent, but less so than the feldspar
tablets, which often exceed half a centimeter in
diameter. The groundmass originally contained
microlites of plagioclase and augite (?) with a
dust of magnetite, but is now greatly obscured
by alteration products. A good deal of the
rock is highly amygdaloidal, the vesicles being
filled with chlorite and calcite.

Some of the Picayune rock in the Animas area
is breccia or tuff, many of the fragments being finer
grained than the type above described. Fragments
of rhyolite flow-breccia are also common in the tuffs.
This shows that the Picayune tuffs can not be
referred to the San Juan formation. Probably
very little of the area is occupied by massive
andesite. The crosscutting andesite of the Lake
Fork of the Gunnison is petrographically identical
with the Picayune type and needs no further
description. The most common phase of this
area is coarsely porphyritic. The finer-grained
forms are not more so than fragments which
appear in the Picayune tuffs of the Animas
Valley.

Occurrence—The rocks colored as Picayune
andesite on the map distinctly underlie the flow-
breccia, as seen in the bed of the Animas River,
and fragments of the characteristic Picayune andes-
ite occur in this overlying rock. From the river
bed, near the Tom Moore mine, the contact of the
two formations runs up the steep slopes and on the
east side crosses into Grouse Gulch about 1800 feet
above the Animas. On the west it does not ascend
so high, owing to faults, as shown on the map.
The same faults cut off the Picayune in Grouse
Gulch. Exposures are very poor over much of
the area, and the boundaries are correspondingly
uncertain. v

The upper and irregular surface of the Picayune
rocks reappears in the Animas Valley above Grouse
Gulch, and an arm extends up Cinnamon Creek
to 800 or 900 feet above the river. This upper
part is largely a breccia. The exposures are poor,
owing to glacial material, on the slopes of Cinna-
mon Gulch, and a narrow strip in the bed of the
gulch is all that is outlined on the map. :

At Animas Forks there are exposures in the lit-
tle canyon east of town which may belong with
the Picayune, but since the rocks, which are mainly
mechanical breecias, contain fragments of rhyolitic
flow-breccia and grade into flow-breccias with
rhyolitic matrix, the whole has been mapped
with Eureka flow-breccia. '

At the head of the Lake Fork of the Gunnison
River there is an area of augite-andesite which
would naturally be considered as representing the
Picayune andesite were it not for the fact that it
clearly cuts Eureka rhyolite flow-breccia and tuffs
of the Burns latite. This intrusive rock resembles

the Picayune type so much more closely than any °

other of the quadrangle that it seems plain that
there was a recurrence of eruption of the Picayune

magma. The map merely shows the limits of the

area within which the augite-andesite is largely
predominant over the other rocks. These rela-
tions are set.forth more fully in describing the
geology of the Lake Fork area.

EUREKA RHYOLITE.

The second member of the Silverton series is a
rock belonging to the most siliceous of the mag-
mas which were erupted during this epoch of San
Juan voleanic history. It is so characterized by
small included fragments of andesites, of rocks
very similar to the rhyolite itself, or occasionally
of granite, schist, etc.,, and has so commonly a
distinct flow structure, that much of the rock may
be called a flow-breccia.

The geographic name applied to it is appropriate
on account of the very prominent and characteristic
exposures in the cliffs of the Animas Valley near
Eureka.

Description.—The Eureka rhyolite flow-breccia
has not been found in fresh condition in the
Silverton region, and it assumes various aspects

according to the number, size, and character of

its included fragments and the degree and kind
of alteration it may have undergone. Normally
it is a grayish rock exhibiting many small angu-
lar inclusions, averaging much less than half an

inch in diameter, of dark, fine-grained andesites or

of reddish or grayish rhyolite, and has a promi-
nent fluidal texture in the dense felsitic ground-
mass which holds the fragments. The larger
crystals, grains, or phenocrysts—variably numer-
ous—which belong to the rhyolite are mainly
feldspars, orthoclase and plagioclase together, gen-
erally angular fragments of crystals, with a subor-
dinate amount of biotite. No augite or hornblende
wag seen. ‘The proportion of orthoclase and plagi-
oclase phenocrysts varies so greatly that in some



cases it has been suspected that many of the latter
may be foreign to the rock.

The groundmnass was originally vitreous, in some places at
least, and the fluidal texture, expressed by the curving of
trains of trichites or ferritic grains about the included erystals
and fragments of rock, is often still evident. At present the
groundinass shows no glass, its place being taken by a erypto-
erystalline, irregularly granular mass which consists of quartz
and orthoclase, as may be inferred from the occasional coarser-
grained spots and from the spherulitic bands which are not
uncommon. That this groundmass had a vitreous constitu-
tion in some rocks is shown by the imperfectly preserved
traces of curving perlitic fissures and by indications of axio-
litic and trichitic forms, such as are seen in many other
aporhyolites.

These rocks are so decomposed that no material suitable
for chemical analysis has been found, but from the mineral
composition mentioned it may be inferred that the magma of
this rock was rich in silica, affording a considerable excess of
quartz, and had little magnesia or iron, while the alkalies and
lime were comparatively abundant. It is thought probable
that these lavas resemble certain ones of the Potosi series
which have been shown to be rhyolitic in character. They
may possibly belong rather to the quartz-latites, the domi-
nant rock of the Potosi series.

The great abundance of foreign mineral particles in some
places and the subordination of the fluidal texture render
the character of the rock obscure and it requires wnieroscop-
ical examination to show that some of these massive-looking
altered rocks are not andesitic in character.

Occurrence.— The Eureka flow-breccia is very
widely distributed in the quadrangle and presents
somewhat different features in different places. It
is mainly a huge surface flow, reaching a thickness
of 2000 feet on the east side of the Animas just
above Eureka, and thinning out westward until it
becomes a subordinate part of the Silverton series.
Intrusive bodies occur in the area extending from
Deer Park around the western slopes of Kendall
Mountain to Arastra Grulch, the rock cutting the
San Juan tuffs. The map representation of this
crosscutting relationship on the western slopes of
Kendall Mountain is hardly more than a diagram-
matic generalization, the best that could be done in
view of the complex network of dikes and the poor
exposures. In Cunningham Gulch the lower con-
tact of the rhyolite cuts through schists and San
Juan tuffs. In the area of the Picayune andesite
small dikes interlace in complex fashion in several
places.

The number of these crosscutting channels
makes it appear possible that they represent the
main conduits through which this magma came
to the surface; but since the rock is known to
occur in great thickness as far to the east as Lake
City, it is regarded as more probable that there were
other points of extrusion.

In some of the dikes in or near Kendall
Gulch the rock is banded through the alterna-
tion of dark-gray felsitic and lighter microspher-
ulitic streaks and is nearly free from inclusions.
A dike below the Titusville mill, in Kendall
Guleh, is full of greenish andesitic inclusions.
Other common phases are reddish or dark gray
in color and usually have abundant inclusions.

In the crosscutting zone of Arastra Gulch the
fluidal texture is pronounced near the contact,
especially on the western side of the gulch. The
fluidal texture is also plain in Cunningham Gulch,
but there much of the rock is dark and its charac-
ter is somewhat obscure.

At the headwaters of the Rio Grande near Canby
and Sheep mountains the Eureka rhyolite is not
always present between the San Juan tuff and the
overlying andesite, and when present it is not so
rich in inclusions as usual. The biotite is here
preserved, while the feldspars are kaolinized, con-
trary to the usual conditions.

In Maggie Gulch the typical flow-breccia appears
near the crosscutting monzonite body, but in the
upper horizons of the mass, here and northward,
the fluidal texture becomes very subordinate and
the rock appears like a fine tuff or a bleached, mas-
sive andesite. This is due to the great number of
feldspar grains, many of which are broken plagio-
clase crystals, and to the small number of rock
fragments. The matrix or groundmass is of the
same character as in the typical Eureka flow-breccia.

The greatest and most typical development of
this rock is found in the steep walls of the Ani-
mas Valley at and above Eureka. The massive
character is seen to best advantage on the trail that
zigzags up the cliff on the south side of Niagara
Gulch. Here all is dark gray and rich in inclu-
sions, and the fluidal texture is very distinctly
exhibited until the upper 200 or 300 feet of flow
is reached; within this zone the rock loses its
fluidal texture.

The lower zotie of the flow-breccia in the upper
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Animas Valley often contains fragments of the
Picayune andesite. At Animas Forks much of
what at first sight appears to be Picayune brec-
cia or tuff has a fluidal matrix representing the
Eureka magma, and this transition zone has been
mapped as belonging to the latter rock.

In the northeastern section of the quadrangle
the Eureka flow-breccia has a great development
on either side of Henson Creek and often exhib-
its the characters described, but it is here greatly
altered as a rule and much of the flow is rich in
minute inclusions of foreign rocks, including quartz
and microcline, which are doubtless derived from
the underlying granite. The rock extends down
Henson Creek to Lake City.

In the northern and northwestern parts of the
quadrangle the Eureka rhyolite is of subordinate
importance. It is lacking in Bear Creek, but
appears in Poughkeepsie Gulch and in the trib-
utaries of Canyon Creek, but is not there separated
from the latite or andesite portions of the Silver-
ton series. A small remnant of characteristic flow-
breccia caps Sultan Mountain, in the southwestern
portion of the quadrangle.

BURNS LATITE COMPLEX.

The division of the Silverton series succeeding
the Eureka rhyolite contains several somewhat
different kinds of lava, most of which are charac-
terized by hornblende, in contrast to the succeed-
ing pyroxenic member of the series. These rocks
are often much decomposed, and the original ferro-
magnesian silicates can not always be recognized.
All these rocks are plainly of similar chemical
composition and belong to the group called latite,
which is intermediate between trachyte and andes-
ite, since it contains both alkali and soda-lime
feldspars in large amount. These latites belong
to one general epoch of eruption within the Sil-
verton period. The greater part of the complex
consists of more or less overlapping massive lava
flows, but fine- and coarse-grained tuffs and brec-
cias oceur in variable development below, above,
and between the flows. At two horizons thin-
bedded tuffs are associated with calcareous layers,
the uppermost beds of the section containing
scanty fossil remains. The position of this com-
plex within the Silverton series is very distinetly
shown east of the Animas River, in the vicinity of
Burns and Niagara gulches, where its most widely
distributed and easily recognizable facies occurs
between the Eureka rhyolite and the pyroxene-
andesites.

The name “Burns” (from Burns Gulch, where
the formation is finely exposed) is applied, for
convenience, to all the hornblendic latites, their
associated tuffs, and certain local masses which
were apparently erupted between the epochs of the
Fureka flow-breccia and the pyroxene-andesite.
The textural variations among rocks that are other-
wise similar are in some cases connected with cer-
tain local differences in conditions of occurrence,
and therefore the complex may appropriately be
described under the heads of the various types
observed.

MASSIVE FLOWS.

Niagara Guich type.—The most widely distributed variety
of these hornblendic latites is named from Niagara Gulch,
east of Eureka, where it oceurs in a massive flow, several
hundred feet thick, that lies between two notable tuff bands.

This rock contains feldspar and quartz in large excess over
the total amount of the dark silicates and magnetite, but its
feldspathic character is obscured by its predominant very
dense aphanitic groundmass, of dull green, gray, or purplish
tones, often exhibiting a distinet fluidal texture. In this
groundmass the fresh rock carries some small feldspar (ande-
sine-labradorite) crystals with hornblende prisms and biotite
leaves. A little fresh augite occurs rarely, and this mineral
was once probably sparingly present in many places. Usnally
both hornblende and biotite are now wholly decomposed and
their former presence can be determined only on mieroscop-
ical study. The hornblende was largely subjeet to magmatic
resorption, as shown in the freshest rocks. Dark-green chlo-
rite and yellowish-green epidote are the common decomposi-
tion products of these dark silicates.

The groundmass is rich in feldspar mierolites (plagioclase)
and contains an undeterminable amount of orthoclase and
quartz. But little magnetite is present in the fresh rock and
that has commonly been decomposed, the resulting hydrous
oxide of iron aiding in obscuring the character of the rock.

The Niagara Gulch latite possesses the general character
above described from Middle Mountain northward and west-
ward. It usually has the dense groundmass, but occasionally
becomes somewhat more coarsely erystalline.

The general chemical composition of the Niagara Gulch
latite is undoubtedly fairly represented by the analysis given
below, although the specimen analyzed came from the extreme
southeastern border of the area within which these lavas are
now preserved. No satisfactorily fresh rock for analysis could
be found in the central area. The rock submitted for analysis
has a dull-gray predominant groundmass that holds many
small phenocrysts of nearly fresh labradorite (Ab, An,) and

hornblende. The microscope shows the groundmass to be
rich in feldspar granules, presumably of orthoclase, with
some quartz, these two minerals being to a large extent inter-
grown in poikilitic patches. Some plagioclase is also found
in the groundmass in microlites—sufficient to bring out dis-
tinetly a fluidal texture. Augite, biotite, and magnetite are
constituents of subordinate importance. The specimen came
from the ridge north of the head of Pole Creek, and was
analyzed by W. F. Hillebrand.

Analysis of quartz-latite.

131 7 62.09
ALO g i e 16.77
FeyOp oo e 3.96
FeO oot e 99
MgO. . oo e e 1.63
Cal i e e 4.26
NasO e i i i 8.77
K,O....... O 3.68
H,Obelow100° C..ooviiiiiiiiii i 50
H,O0above100° C.. ... it 1.32
14 15 T N 3
/7 Trace
L0 None
PoOs. e e .25
SO .t None
L0 R P Undet
N Undet
FeSg. v e None
MNO . o i i e e 14
BaO o e 10
BrO. .o .05
7 7 Faint trace
Total.:veveieneeiiirnaeenns, 100.24

A comparison of this analysis with that of the quartz-
monzonite of Sultan Mountain, given on page 12, shows that
these rocks are very nearly identical, and are also very like
other rocks which have been described as monzonite, latite,
or toscanite, as will be noted more fully elsewhere in this
text.

The latite of Burns Gulch is sometimes fresh as regards its
feldspars, though its dark silicates may be decomposed. A
partial analysis by W. F. Hillebrand of such a rock gave the
result: Si0O, 61.70, Ca0 4.43, Na,0 2.66, K,0 4.37. These
figures vary notably from those of the complete analysis in
the ratio of the alkalies, but they are in close agreement as to
silica and lime. The higher amount of potash in the Burns
Guleh rock indicates that the rock is still more typically a
latite than that at the Pole Creek locality. Most of the
Niagara latite has the habit of the rock from Burns Gulch.

Canby type.—In the southeastern seetion of the Silverton
quadrangle the Niagara Gulch latite gives way to a roek of
similar composition but somewhat different texture, which is
regarded as representing practically the same magma as the
Niagara Gulch type. No distinetion has been made in map-
ping, as the differences seemn trivial in ecomparison with the
similarities of the two rocks. This type is prominent.in
Canby Mountain and adjoining summits and receives its local
designation from that fact. The Canby latite occurs in sev-
eral flows of varying textures.

In this rock hornblende is megascopically prominent and is
well preserved in many places, while augite is often of equal

‘importance. The common presence of augite and the promi-

nence of hornblende distinguish this type from that of Niag-
ara Gulch more clearly than any other features. The higher

-flows are similar to the Niagara in having a dark, dense, fine-
_grained, microlitic groundmass.

The groundmass of the
coarser-grained facies has some recognizable orthoclase and
a little quartz, but is still markedly microlitic through the
development of the plagioclase.

The lower flow of the Canby rock is generally not so fine-
grained and all the silicates exhibit a gradation in size frowm
the larger phenocrysts, nearly 0.5 centimeter in diameter, to
the groundmass particles. Orthoclase is a distinet compo-
nent of the groundmass and appears to be more abundant
than in the denser Niagara Gulch type. Quartz is very insig-
nificant in amount when present at all.

The Canby facies of the Burns latite is restricted almost

entirely to the southeastern portion of the quadrangle. 1t
grades into the Niagara Gulch facies in the zone traversed by
Maggie Gulch and into the Kendall facies to the west, in the
general line of Arastra Gulch. The irregularity of the flows,
the extensive areas of decomposition, and other areas of poor
outcrops have prevented a direct tracing of a gradation
between Canby and Niagara Gulch facies within a given flow.

The latite from north of Pole Creek, which was analyzed
to show the general character of the Niagara Gulch facies,
bears also a resemblance to the Canby facies, and it is con-
sidered not impossible that it represents the Canby magma as
nearly as the Niagara.

Other rocks of the Burns complex.—As has been
stated, the Burns complex of lavas is, in the greater
part of the area, clearly a member of the volcanic
section lying between the more siliceous Eureka
rhyolite and the more basic pyroxene-andesites.
The Burns latites extend into the southern and
southeastern sections of the quadrangle, where the
Eureka rhyolite has decidedly irregular relations

and the pyroxene-andesites are wanting except for

a few small remnants. The flow and tuffs of the
Niagara facies can not be identified in the region
south and east of the Animas River below Maggie
Gulch, partly no doubt because of the greater
decomposition of the rocks in this section, the
interruption by monzonite masses, and the areas
of scanty exposures, but also, in large degree,
because the lavas of this region are not the con-
tinuation of the Niagara flows, although they are
of similar character and are believed to belong to
the Burns epoch of eruption.

The rocks correlated in this general way with the
Niagara Gulch and Canby latites are not now
sharply definable in the field, and they seem to
grade into one another in petrographic character,
though exhibiting some local peculiarities. They
include: (@) the rocks which make up the high

‘Basin.

mountains south of the Animas and west of
Cunningham Gulch; (5) the rock of the northern
base of Kendall Mountain, which apparently cuts
the Eureka flow-breccia; (¢) the much decomposed
greenish rock of lower Arastra and Cunningham
gulches; (d) the rock of Galena Mountain, Ridg-
way Basin, and the cliffs at the end of the ridge
between Maggie and Minnie gulches; (e) greenish
rocks found on the west side of the Animas, below
the clearly recognizable Niagara flows, as far north
as Kureka, where crosscutting relations with the
flow-breccia are shown.

The latite of Kendall Mountain.—This rock is
characterized by irregularly and sparingly dissem-
inated crystals of orthoclase, some of which have a
diameter as great as one-half inch. Quartz pheno-

crysts occasionally appear in this rock. Like the

Canby facies this rock has numerous small pheno-
crysts of andesine-labradorite, and it once possessed
crystals of augite, hornblende, and biotite, varia-
bly developed. These minerals are now almost
wholly unrecognizable in much of the rock, even
their former crystal outlines being indefinite, while
their decomposition products—epidote, chlorite, cal-
cite, etc—are more or less abundant. The ground-
mass is composed largely of orthoclase and quartz
and contains a variable amount of plagioclase in
microlites and many particles of secondary minerals.

By comparing the Kendall latite with the coarser-
grained Canby flows it appears that they are very
similar in-composition and may even be identical.
The large orthoclase crystals are found sporadically
in the rocks as far east as King Solomon Mountain.

The external aspect of these rocks varies so much

more from decomposition than from inherent dif-
erences that the tracing out of local modifications
is almost impossible.

The dark rocks at the north base of Kendall
Mountain, between the great monzonite stock and
Arastra Gulch, are believed to cut the Eureka rhy-
olite and to be of the same latite facies as the lavas
of the upper part of the mountain. They are sel-
dom well exposed and are thén either much decom-
posed or metamorphosed adjoining the monzonite
stock, so that identification is difficult. The pres-
ence of large orthoclase phenocrysts here and there
is suggestive of the equivalence with the upper
rocks.

The latile of Arastra and Cunningham gulches.—
The most distinet type of the rocks referred to the
Burns complex is that which occurs at the mouth
of Cunningham Gulch and extends down the Ani-
mas to Arastra Gulch. It is now commonly a
greenish-gray rock of subordinate porphyritic tex-
ture, characterized by a groundmass fabric which
takes the form of a patchy micropoikilitic inter-
growth of orthoclase and quartz. A few pheno-
crysts of quartz also are visible. The original
ferromagnesian silicates were augite, hornblende,
and in many cases probably biotite, but decompo-
sition often renders them now unrecognizable. No
evidence of a composition essentially different from
that of the other rocks under discussion has been
observed, although the common presence of a few
quartz phenocrysts and the pronounced micropoi-
kilitic fabric of the groundmass are peculiarities of
this rock. :

The rock of Arastra Gulch is somewhat more
coarsely crystalline than that of Cunningham
Gulch and is very much decomposed. It is sup-
posed to connect ithe rock of Cunningham Gulch
with that at the north base of Kendall Mountain,
but forest and débris-covered slopes prevent a defi-
nite proof of continuity. For the same reason it
is not possible to .trace the relations of the Cun-
ningham rock to the fresher lavas of higher hori-
zons on King Solomon or (Galena mountains. The
Arastra latite has occasional large orthoclase crys-
tals, which suggest a close connection with the
Kendall Mountain rock.

Above the Eureka rhyolite in Maggie Gulch the
latite rocks closely resemble the Cunningham facies
as far as the crest: of the ridge south of Ridgway
Very similar rock occurs also in the, cliffs
at the end of the ridge between Maggie and Minnie
gulches, and in Minnie Gulch. Since the Niagara
Gulch facies of latite occurs in flows of typical
development at a much higher level in Middle
Mountain, it appears either that this lower. rock
is older than the Niagara Gulch type or. that it
has been intruded between. the Eureka rhyolite
and the overlying latite flows.. No definite evi-
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dence of intrusion was observed, although the pres-
ence of the Cunningham type along the west side
of the Animas as far as Eureka and its absence on
the opposite side of the valley above Minnie Gulch
suggests that intrusive relations exist.

TUFFS ASSOCIATED WITH THE BURNS LATITE.

The tuffs of the Burns epoch of eruption are
usually fine grained, but are occasionally of coarse
texture. They are often locally developed between
lava flows and are rather widely distributed at two
general horizons, one at the base, the other at the
top of the series of rocks referred to the Burns
epoch.

The coarser tuffs and breccias have much the
general character of the San Juan formation, con-
sisting of more or less distinctly angular fragments
of latite or andesite in a matrix of fine volcanic
sand. Such rocks have commonly a dark-gray or
purplish color. Rhyolitic flow-breccia and granitic
or rarely quartzitic débris are occasionally found.
The fragments seldom exceed a few inches in
diameter.

The fine-grained tuffs of the complex are some-
times very homogenous in texture, forming greenish
or gray sandstones not commonly much indurated.
They are composed of fine angular particles, which
may be less than 1 millimeter in diameter, repre-
senting the crystals or the groundmass of latites
and other rocks. The ferromagnesian silicates are

much decomposed and, in fact, are usually unrec-.

ognizable. Quartz grains are ordinarily accom-
panied by orthoclase and microcline, testifying to
the destruction of granitic masses in the produc-
tion of the tuff. v

The lower tuffs—Between the Eureka rhyolite
and the Niagara Gulch latite flows there is usu-
ally present a greater or lesser thickness of greenish
tuffs. These beds reach their greatest development
east of the Animas River and north of Minnie
Gulch, where they attain in some places a thick-
ness of 250 feet. Usually these tuffs are very fine
grained, well bedded, as if by water, and of a dull-
green color. Coarse conglomerate or breccia has
been noted locally. The tuffs in their present con-
dition are often notable for their resemblance to
green hornstone or dull clouded porcelain. Coarse,
sandy layers look like massive rocks.

Microscopical examination of the dense tuffs
shows fragments of plagioclase and orthoclase
feldspars and no fresh particles of ferromagne-
sian silicates. There is also some quartz, ortho-
clase, and microcline feldspar, and much of this
material was plainly derived from granitic rocks.

~ At the top of the lower tuff zone there occurs,
locally, some massive limestone, either dark gray
and well bedded, or marbleized by metamorphism.
The limestone rests on well-stratified tuffs and is
apparently a deposit in a body of water. It shows

- no micro-organisms under the microscope, and no

fossils of any kind have been found in it. Its
observed distribution is small in comparison with
that of the fossiliferous calcareous layers of the
tuffs above the massive Niagara Gulch latite.

The lower tuffs of the Burns complex are espe-
cially well shown in Niagara Gulch, east of Eureka,
and in Minnie Gulch. They are often obscured by
surficial materials and have less persistence appar-
ently than the upper tuffs. Erosion succeeding
their deposition may have something to do with
this. In their typical dense hornstone-like devel-
opment they can usually be detected, where the
base of the formation is exposed, throughout the
eastern part of the quadrangle.

The limestone at the top of the lower tuffs is
best shown in the southeastward-facing cliffs that
stand north of the mouth of Eureka Gulch, at an
elevation of about 10,750 feet. Exposed here are
from 5 to 6 feet of dark-gray limestone with inter-
bedded tuffaceous and cherty material. An intru-
sive andesite sheet extends southwestward across
the limestone, and probably the same mass cuts
it off to the north. A small cavern occurs where
this limestone is thickest. The rock here is singu-
larly free from mineralization, although it lies in
the midst of decomposed voleanic rocks.

On the north side of Niagara Gulch, directly
opposite the above mentioned limestone locality,
some greatly marbleized limestone occurs at the
top of the lower tuffs, but the exposures do not
show relations clearly. No other occurrences were
observed. o

Silverton.

The upper tuffs—A variable amount of fine-

grained tuffs is usually found at the top of the
Burns complex, especially in the region about
the head of the Animas and farther eastward,
beyond the quadrangle line. These upper tuffs
are several hundred feet thick in some places, as
in Maggie Gulch and on the Lake Fork of the
Gunnison. Commonly these beds have nothing
to distinguish them from the similar strata of other
horizons already referred to, but through a consid-
erable area they become calcareous shales in the
upper zone, 50 or more feet in thickness, with thin
beds of limestone, which have been observed at
many points. Plant remains and gasteropod shells
found in these uppermost strata give the only evi-
dence yet noted of the age of these beds.
At the northeast base of Cinnamon Mountain
some pieces of gypsum were found with loose
shaly tuff. The manner of occurrence was not
observed and no traces of gypsum were discovered
elsewhere.

In some places in these calcareous shales layers
of pure gray limestone an eighth of an inch or
less in thickness alternate with similar sandy lay-
ers. On exposed surfaces the limestone layers are
easily dissolved, the sandy beds project slightly,
and a fine ribbed structure is produced. Among
the sandy particles quartz, orthoclase, and micro-
cline are prominent, and dark silicates are almost
lacking.

The gray or black limestone layers are some-
times 2 or 3 inches thick and are very pure. No
microscopic organisms have been found. Adja-
cent to fault planes, on the north shoulder of
Cinnamon Mountain and on the divide north of
Cleveland Gulch, the thin shaly layers have suf-
fered marked plication and fragments may be
found exhibiting, in model-like detail, folding,
overthrust faulting, brecciation, and all the com-
plicated structural relations that appear in strata
of the most disturbed mountainous districts. It is
clear that these soft and laminated beds, inclosed
between massive lavas, were folded while the lavas
were fractured.

On the crest of the Edith Mountain ridge oppo-
site the head of Cleveland Gulch the sandy cal-
cureous shales contain some determinable fossil
plants. Concerning the specimens collected, Dr.
F. H. Knowlton reports the identification of Pinus
florissanti? Lesq. and Cratequs Holmesii Lesq.,
several cones of Pinus, and one form with leaves in
threes. Of the species named the former occurs in
the Oligocene lake beds of Florissant, Colo., while
the type of the latter was obtained by Mr. Cross in
a local rhyolitic tuff near Silver Cliff, Colo.

The suggestion of an Oligocene age for these
tuffs receives a degree of confirmation from the
gasteropod shells found by Mr. Clements in a
thin limestone layer of what is clearly the same
horizon on the divide between Cleveland and
Schafer gulches. Concerning these, Mr. T. W.
Stanton reports two species of a fresh-water shell,
Limnea. While not able to identify the species
with certainty, Mr. Stanton states that the two
species most nearly resemble L. Meekii Evans
and Shumard, and L. Shumardt Meek, which
occur in the White River beds, usually assigned
to the Miocene but considered by some paleontol-
ogists as Oligocene. Therefore, according to the
concurrent evidence of plant remains and of inver-
tebrate fossils, the caleareous tuffs and shales of the
top of the Burns complex may be regarded as
probably Oligocene or early Miocene in age.
This conclusion is of interest as indicating, at
least roughly, the lapse of time since the begin-
ning of the epoch of the San Juan tuffs, a ques-
tion which is discussed more fully in another part
of this text. |

PYROXENE-ANDESITE FLOWS AND TUFFS.

The Burns group of lavas, tuffs, ete., is succeeded
by dark fine-grained pyroxene-andesites in a com-
plex of flows and tuffs reaching a maximum thick-
ness of something over 3000 feet. The map exhib-
its the boundary between these two divisions of the
Silverton series as far as it could be traced. By
reference to the map it will be seen that these lavas
are most prominently developed in the central por-
tion of the quadrangle. They extend westward
into the Telluride quadrangle (although not separ-
able from the Burns latite) and eastward into the
San Cristobal quadrangle, where they are coveéred
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by more recent volcanics. To the north they thin
out and are wanting in some places, between the
San Juan tuffs and overlying rhyolitic rocks. To
the south also they are now missing, partly through
erosion.

General description.—The most common lavas
of this group are predominantly dark, fine-grained,
almost aphanitic rocks, and although but few small
crystals of feldspar and dark grains of augite
are noticeable to the unaided eye, the mass has a
crystalline appearance viewed with a hand lens.
They are not so unlike the Burns latite as the
megascopic appearance suggests, but differ suffi-
ciently to justify the name andesite.

In the northeastern section of the quadrangle
occur two somewhat different types, which are
worthy of notice. The first of these is of con-
spicuous porphyritic texture, most prominent in
Engineer Mountain and the divide between Bear
Creek and the Uncompahgre. It also extends
eastward into the drainage of Henson Creek.
This rock has abundant labradorite feldspar crys-
tals, 5 centimeters or more in diameter, and the
augite and mica crystals are nearly as large. The
other type of the northeastern section occurs as the
uppermost flow of the complex and is prominent
for several miles along the northern side of Hen-
son Creek at the general level of the Dolly Varden
mine: It is a somewhat more basic rock than any
other of this group, being richer in augite and
hypersthene and magnetite. It has usually a dark
color and the cleavage planes of the tabular crys-
tals-of labradorite are noticeable in hand specimens.

The pyroxene-andesite complex is made up
chiefly of massive flows, few of which exceed 300
feet in thickness. Vesicular and scoriaceous zones
are occasionally found, but in many places are
almost wanting. Vesicles usually contain opal,
chalcedony, or quartz, but crystallized silicates
are rare. Vitreous outer zones are but seldom
found.

Tuffs and coarse breccia or conglomerate some-
times separate lava flows, but such masses usually
have very irregular relations to the bodies of mas-
sive rock. On the larger cliff faces of amphithea-
ters the vesicular or tuffaceous bands are prominent
and the alternation with massive rock leads to ledge
or bench outcrops. Prominent shoulders of the
central mountains are commonly due to massive
flows. The tuff bands are very frequently bleached
or stained in brownish or reddish colors.

There is clearly a very uneven and local devel-
opment of tuffs. In the northeastern section of
the quadrangle fine-grained tuffs play a more
important rdle than elsewhere. Below the upper-
most flow of unusually fresh andesite north of
Henson Creek there is over 200 feet of very fine-
grained sandy tuffs of pale-green or grayish color.
Above the flow come more tuffs of extremely
even grain, separating it from the Potosi series.
These tuffs are commonly bleached and are so
white in some places, as on the summit of Engi-
neer Mountain, that they resemble rhyolitic ash.
North of the quadrangle the tuffs are brown in
color and consist of minute grains of andesite, some
particles exhibiting hypersthene, and it is thought
probable that by far the greater part of the tuff is
derived from pyroxene-andesite. 7

A short distance north of American Flats, in the
Quray quadrangle, these tuffs reach a thickness of
several hundred feet.

Pet)'ographz'c details.—The common ﬁneégfained pyroxene-
andesite was in its fresh eondition rich in labradorite—Ab,;An,

and Ab,An; both common—with much less pale-green augite,
hypersthene, orthoclase, and quartz, and still less magnetite.

‘Orthoclase is quantitatively of considerable importance, as

demonstrated by analysis, but it can hardly be considered as
so nearly equal to plagioclase as to justify the reference of
the rock to the latite group. All constituents have characters
common for such rocks, which are usually called augite-,
hypersthene-, or pyroxene-andesite. Hornblende does not
appear in any but a few outlying localities.

The texture naturally varies somewhat in different portions
of the flows, ranging from vitrophyrie (rare) and amygdaloidal
to holocrystalline and dense aphanitic. But a large propor-
tion of this rock exhibits under the microscope a gradation
between the larger crystals of labradorite, some exceeding
4 millimeters in diameter, and the groundmass particles, which
are seldom pronounced microlites. This transitional texture,
together with the decomposition products, renders even the
largest crystals inconspicuous. Orthoclase and quartz are
seldom prominent except when a micropoikilitic intergrowth
is present, but are discernible on close examination. They
are often obscured by chlorite or ferritic hydroxides. Mag-
netite is very subordinate. The rock as a whole is by no
means so basic as its dark aphanitic habit would suggest.

The pyroxenes, augite, and hypersthene probably oceur in
the fresh rock in nearly equal amounts. But although much
of the andesite is dark and apparently nearly fresh, there is in
fact no trace of the original hypersthene left except in a few

localities, serpentine of yellowish-green color replacing it. It
is often characterized by a cleavage parallel to some plane of
the prismatic zone and seems like a massive mineral at times,
but aggregate polarization is usually to be observed. The
rock exhibiting most clearly the hypersthene in process of
alteration occurs in the small cap of andesite on the point
next north of Whitehead Peak. The hypersthene ordinarily
occurs in well-formed prismatic erystals, and this form char-
acterizes the serpentine, indicating that it does not come
from either biotite or olivine. Augite occurs in prisms less
perfectly formed than the hypersthene; its course of altera-
tion is characteristically different from that of its associate,
and often much fresh augite remains. The usual product of
decomposition is rich in granules of calcite, with chlorite, ete.
Biotite and hornblende are only sporadically present in these
pyroxene-andesites. A vitrophyrie modification was found in
a small remnant of a flow resting on calcareous shales of a
knob on the ridge west of Edith Mountain. In this rock, an
analysis of which is given below, both augite and hypersthene
(or bronzite) are fresh and there is also a small amount of
unaltered biotite developed.

Andesite having a composition near that of the rocks
described above, but much more prominently porphyritic
in texture, occurs in the mass of Engineer Mountain and
extends for some miles east and west. Mica is rather prom-
inent in some places, but the serpentine pseudomorphs, indi-
cating hypersthene, occur even where mica is most distinet.

An unusually fresh pyroxene-andesite occurs on the north
side of Henson Creek as a flow extending for several miles and
situated just below the Potosi series of latites and rhyolites.
In this rock there is strongly pleochroic hypersthene and
probably some olivine, now wholly altered. The ferromag-
nesian silicates are more numerous than in the fine-grained
type, and the labradorite phenoerysts are larger and more
tabular in shape.

Chemical composition.—The greater part of the
pyroxene-andesite is too much decomposed to afford
satisfactory analyses. But two comparatively fresh
specimens have been subjected to analysis by W.
F. Hillebrand, with the following results. Two
partial analyses by the same analyst are given for
purposes of comparison. '

Analyses of pyroxene-andesites.

1 1L IIL IV
15 1 P 58.88 | 56.08
ALO, oo 16.10 | 15.97
Fes0p vomneomnnannnninn, 8.12 | 4.78
B0 i i .94 | 3.00
MgO...oovviiiiiiii i 2.30 | 8.36
Cal i vviiiiii e 6.05 | 6.44 [ 6.84 | 4.74
NagO.ovviiiiiiiiiiiiinann, 8.17 | 2.85 | 8.39 | 3.24
L T 1.86 | 3.29 | 2.99 | 3.20
H,0 below 100° C............ 1.66 | 1.81 :
H,0 above 100°C............ 2.86 | 1.08
1O, i e 13 1.01
ZrOg.iiiiiiiiiiiiiieennanns .02 |Trace?
205 s A7 48
11 .16 16
BaO .. .oiiiiiiiiiiiiiiie 12 .08
SrO....oviiiiiii i .14 .04
LigO.eviiiiiiiiiiiiinen Trace ?
FeS, .ovvviiniiiininiiin, .07
Total............ 99.97 | 99.88

I. Vitrophyric pyroxene-andesite from ridge west of Edith
Mountain. This rock exhibits fresh hypersthene and is prob-
ably representative of the average rocks of this group more
nearly than is II.

I1. Pyroxene-andesite from tunnel in Copper Gulch, on
Dolly Varden claim. This is the most basic looking rock of
the group, but exhibits in thin sections much quartz and
orthoclase. It contains much hypersthene in process of
alteration to serpentine.

ITI. Gabbroic facies of pyroxene-andesite from dike cutting
normal rock, Henson Creek, between Redcloud and Schafer
gulches.

IV. Pyroxene-andesite from flow near top of Middle Moun- -

tain. Nearly fresh as regards its feldspars.

Serutiny of these analyses shows that these rocks, in spite

of their dark color and the presence of considerable hyper-
sthene, are strongly feldspathic and may contain more than

10 per cent of quartz. The high percentage of potash in II,*

1II, and IV agrees with the prominence of orthqclase as
revealed by the microscope. The potash of 11 corresponds’to
19.46 per cent of orthoclase, showing that this rock is by no
means a typical andesite and inclines strongly toward latite.
The smaller amount of lime in IV agrees with the smaller
amount of pyroxene in this rock as compared with the others.
There is little, if any, decrease in the amount of plagioclase
in IV, ]

Occurrence.—The main horizon at which the
pyroxene-andesite appears as a flow is distinctly
above the more siliceous, hornblendic Burns latite
and below the Potosi rhyolite. It is found above
the former all through the eastern part of the
quadrangle, from the head of Maggie Gulch north-
ward. It caps many of the high peaks, as shown
by the map, and is the most prominent rock in the
central portion of the quadrangle.

The vents through which this large series of
lavas ascended are not surely known. Some dikes
have been found, as in Stony Gulch, on the west
side, where a large one cuts San Juan tuffs and
probably also the Eureka flow-breccia.

The relatively basic upper flow in the Henson
Creek region may have issued through a set of fis-
sures represented by those filled with the nearly
granular rock from below Redcloud Guleh, of
which a partial analysis (IIT) was given in the
table. '

POTOSI VOLCANIC SERIES.

The uppermost member of the voleanic com-
plex found in the Silverton quadrangle received



the name “Potosi rhyolite series” in the Telluride
folio, where the development presented in the Tel-
luride quadrangle was fully described. The name
was derived from the high peak north of Canyon

Creek in the Silverton quadrangle, the upper |

1250 feet of which consists of these rocks.

The general appearance of the Potosi rocks is
that characteristic of rhyolite, and they were so
designated in the Telluride folio, although it was
there pointed out that the single available analysis
showed that the glassy form analyzed belonged to
the series of highly siliceous lavas containing alkali
and lime-soda feldspar in nearly equal amount
which are properly designated quartz-latite. It is
now certain that these quartz-latites are much more
common than true rhyolite in this region and hence
it is.desirable to modify the name used in the map
legend. The designation of certain lavas of the
series as quartz-latite is consistent with the use of
the term quartz-monzonite for the granular equiva-
lents of certain of the Silverton lavas. It is prob-
able that true rhyolite also occurs in the Potosi
series, but in amount it is subordinate to the
quartz-latites. There may also be a series of
intermediate lavas connecting the extremes.

Three separate areas of lavas referred to the
Potosi voleanic series are present in the Silverton
quadrangle, and each presents certain peculiar
features. In the western and northwestern por-
tions of the area the series has the same character
ag in the Telluride quadrangle. In the northeast-
ern section an isolated patch of supposed Potosi
lavas caps the divide north of Henson Creek,
while in the southeastern corner of the area
appear closely related rocks which have a wide
distribution in the central portion of the San
Juan Mountains, to the east. It is not at pres-
ent demonstrable that the lavas of these three
areas belong strictly to one epoch of volcanic
activity, and it is almost certain that they came
from different centers, yet from their relations and
petrographic characters it is probable that they do
belong to the same epoch.

Northwestern area.—Where the full Potosi series
of this section is preserved three divisions are notice-
able. At the base is a coarse-grained tuff of flow-
breccia. Above that comes the principal division,
including the flows which cause cliffs or crenelated
ridges where the mountain tops are formed of
them. The uppermost member, which is present
only in Potosi Peak in the Silverton quadrangle,
is a succession of thin flows and tuffs, making
much gentler slopes and presenting a reddish
color, due to the andesitic ash in the tuffs.

The maximum observed thickness of the series
is in Potosi Peak, where over 1200 feet of nearly
horizontal flows and tuffs are present.

The lowest member of the series is composed of
a variable amount of gray, gravel-like tuff below,
succeeded by a flow-breccia so rich in fragments
resembling the tuff that no distinct line can be
drawn in many places. The tuff layer is less
prominent in the Silverton quadrangle than in
the Telluride. The fragments of the tuff are
mainly of quartz-latite of reddish, gray, or white
colors, with some of the dark latites or andesites of
the Silverton volcanic series.

The flow-breccia is very similar to the Eureka
flow-breccia. Its fragments are commonly but an
inch or less in diameter and are of the same rocks
as those in the tuff. The band of this rock forms
the greater part of the lower 200 feet of the series.

The banded flows, two or three in number,
which constitute the chief part of the Potosi
series in this section are composed of a charac-
teristic wavy, felsitic lava. The flows are 100 to
200 feet in thickness and are usually separated
by thin tuff beds. Vertical jointing is common,
causing columnar structure, steep cliffs, and jagged
ridges, or divides. Benches or strong lines visible
for miles mark the zones between these flows.

"The rock of these flows is usually light gray, has
a wavy fluidal banding or lamination, and contains
many crystals of orthoclase and soda-lime feldspar
with biotite in thin leaves as the only dark silicate.
No quartz crystals have been noticed, but the fel-
sitic gray groundmass is rich in quartz and ortho-
clase.

The prominent structure of the rock is caused
by the irregular alternation of wavy, dull-gray or
white earthy-gray bands usually less than a centi-
meter in thickness. The rock contains some frag-
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ments like those of the flow-breccia below, and the
fluidal texture is seen in the curving of flow lines
about such inclusions. The banding causes the
rock to split easily into irregular plates.

Under the microscope it appears that much of the Potosi
latite had a glassy groundmass and contains ferritic trichites
by which the flow structure was emphasized. Glass is now
rarely found but the devitrification, producing the usual
eryptocrystalline mass, clearly proceeded from perlitic cracks
the course of which can often be seen. A large portion of the
rock is thus apolatite.

The more massive parts of certain flows are simply felsite-
porphyries, there being no fluidal or banded texture. Obscure
spherulitic erystallization is common in the banded rock and
spherulites several inches in diameter occur in a few places,
notably on the crest at the head of Ingram Basin.

The upper division of this section of the Potosi
volcanic series consists of a complex of thin flows
and reddish tuff layers, of which several hundred
feet appears in Potosi Peak. The flows of this
division are variable in color and in degree of
crystallization. Some are reddish or pink felsites,
others are gray, and locally black vitrophyre is
found, with a dominant glassy base holding
numerous feldspar and biotite crystals.

The upper flows are often reddish felsite-por-
phyries, and seem richer than usual in plagio-
clase and biotite. Dull, felsitic, streaked brown
or gray bands, containing few crystals. and show-
ing flow structure, are numerous. Andesite or
latite inclusions occur to some extent in all flows,
and in the thin variable tuff layers between flows
there is sometimes a considerable admixture of
these rocks. The upper division as a whole is
more or less reddish, its color making it con-
spicuous at long distances.

When examined microscopically, these rocks
exhibit microstructures and stages of devitrifica-
tion similar to those of lower flows. Some bands
are rudely spherulitic, others are partly glassy.

Northeastern area.—An isolated area of rocks
which are referred to the Potosi voleanic series
forms the range of hills north of Engineer Moun-
tain, a portion of American Flat, and the divide
between the forks of Henson Creek. It extends
northward a very short distance into the Ouray

quadrangle. Dikes of similar rock occur on the |

north side of North Fork of Henson Creek a
few miles east-northeast of Dolly Varden Moun-
tain, and it is possible that an eruptive conduit
exists beneath the sharp peak near that mountain.

The Potosi series here is mainly a succession of flows, dif-
fering in detail from those of the northwestern area, but of
general correspondence. The lowest flow, of varying thiek-
ness, reaching a maximum of about 200 feet, is a dull-gray or
pinkish felsitic rock characterized by many small black
biotite leaves and many feldspar grains of small size. The
biotite leaves are less than 8 millimeters in diameter and are
usually fresh and hence conspicuous though & quantitatively
subordinate constituent. In some places hornblende occurs,
but it is generally rare and is commonly decomposed. Among
the feldspars a plagioclase near oligoclase exceeds orthoclase
in amount. Both appear in sharply angular fragments of
crystals, in all parts of this section of lavas. Quartz pheno-
crysts occur much less abundantly than either feldspar.
They are also much broken, and the fragments have been
rounded and embayed by resorption, while such action is
almost lacking in the case of the feldspars. '

The groundmass possesses characters that are very eommon
in rhyolite, since it is a fine cryptocrystalline mass of quartz
and orthoclase, sometimes microspherulitic, ocecasionally
exhibiting fluidal texture, and often resembling a devitrifica-
tion produet, though seldom affording evidence on that point.

Above these lower flows occurs a flow-breceia with more or
less vitreous matrix, as in the hills north of Engineer Moun-
tain and in some other places, while the glass base has been
devitrified in the corresponding rock of Dolly Varden Moun-
tain and vicinity. )

Dull-gray rhyolite-porphyry, some of which is aporhyolite,
oceurs above the flow breceia of the former locality, and some
vitrophyre also appears in the same place. :

The sharp unnamed peak northeast of Dolly Varden Moun-
tain is made up, in its upper portion at least, of a gray
rhyolite-porphyry, occasionally banded but more commonly
massive. This rock is a true rhyolite, as will appear from the
chemical analysis to be given in a later paragraph.

Rio Grande drainage area.—On either side of
the head of the Rio Grande, in the southeastern
section of the quadrangle, the mountains are capped
by light-colored lavas belonging to a group which
becomes very prominent in the San Cristobal quad-
rangle. The principal rock is a quartz-latite very
similar to that of American Flat and associated
with it are felsitic rhyolites. The former rock
occurs at the base and in this section rests uncon-
formably on San Juan tuffs or upon a thin repre-
sentative of the Silverton volcanic series, as shown
by the map. An eastward dip carries these Potosi
rocks beneath a considerable thickness of later lavas

‘in the central portion of the San Juan Mountains.

The character of these upper lavas is not known
in detail, although it appears from a distance that
they do not all belong to one kind of rock., '

In Greenhalgh Mountain a thickness of more
than 1000 feet of these rocks remains. Consid-
erably more than half of this, from the base
upward, consists of quartz-latite, while the upper
part is rhyolite proper, forming the summit rock
of both Sheep and Greenhalgh mountains, the con-
tact being concealed by talus.

The latite is trachytic in appearance, since quartz is
restricted to the groundmass. It contains many glassy
sanidine erystals, with fresh brown mica leaves as the most
conspicuous phenocrysts, embedded in a pink or gray ground-
mass which clearly exhibits fluidal texture when examined
with a hand lens. There are also many white and usually
much-altered plagioclase crystals in the rock, the prevalent
decomposed condition of this constituent standing in marked
contrast to the fresh state of the sanidine and mieca.

The particularly fresh rock of this type, of
which an analysis is given below, resembles the
lower flows of the northeastern section, already
described. Some of the rock is very like the
common wavy banded rock of the western Potosi
series.

Chemacal. composition of Potosi lavas.—A com-
plete analysis of one of the Potosi lavas was given
in the Telluride folio. Further analyses have now
been made and it has become plain that the greater
portion of the series consists of quartz-latite, while
rhyolite proper also occurs. In the table below
are given two complete analyses and several par-
tial ones illustrating the composition of these rocks.

Gtunnison are practically the same rock, although

~apparently of different age. Some of the intrusives.

are much likethe Niagara Gulch latiteand others are.
like the pyroxene-andesite, but belong to earlier or
later epochs than the main masses of these types.
The several kinds of rocks grouped for conven-
ience under this heading are described below:
Augite-andesite: Picayune type.—The rock of the
area. shown by the map as occupied by intrusive

andesite, in the drainage of Lake Fork, is similar
.in composition to the Picayune andesite, already

described. The rock is commonly much decom-
posed and it may be that not all of the area is
occupied by rock of one type. It seems pos-
sible that the Picayune andesite—that is, augite-
andesite earlier than the Eureka rhyolite—occurs

also on the Lake Fork, and that later eruptions of,

the same magma occurred there. It is clear that.
most of the andesite mapped as intrusive on the
Lake Fork is later than the tuffs belonging to the
upper part of the Burns complex. So abundant
are the tongues or inclusions of tuffs and occa=
sionally of massive Niagara Gulch latite in this
region that it was considered impossible, in view
of. the poor exposures, to map them all in detail,
and the intrusive rock was represented as occupying;
the entire area.

Latites resembling the Niagara Gulch type—
Eruptions of magmas similar to that of the Niag-

Analyses of rocks of the Potosi volcanic series.

L II. IIL. Iv. V. VI. VIL VIII.

64.72 | 64.93
14.18 | 16.79
1.58 3.54
.40 .82
50 65

2.62| 2.11|2.04|1.76|1.30|1.20| .65| .61 -
3.88 | 3.33|3.07|2.93|3.93|3.942.74 | 3.53
1.82 | 4.76 | 4.25 |5.26 | 4.11 | 3.16 | 5.81 | 4.84

6.82 1.65
.43 .58
...... .03
.08 A
.28 .15
.21 | Trace

100.20 | 100.08

Specimen I contains traces of COy, SO;, CL, S, and MnO; II contains traces of 8, NiO, MnO and Li,O.

I. Dark vitrophyric quartz-latite from ridge between Mar-
shall and Virginius basins, Telluride quadrangle. Analyst,
H. N. Stokes.

I1. Felsophyric quartz-latite from bench south of Green-
halgh Mountain, Silverton quadrangle. Analyst, W. F.
Hillebrand. o

I1I. Felsophyric quartz-latite from American Flat, Silver-
ton quadrangle. ' ,

IV. Vitrophyrie quartz-latite from Potosi Peak, Silverton
quadrangle. ‘

V. Vitrophyric quartz-latite from mountain next north of
Engineer Mountain, Silverton quadrangle.

VI. Vitrophyric quartz-latite from contact zone of dike on
north side of North Fork of Henson Creek, Lake City quad-
rangle.

VII. Fluidal, felsitic rhyolite from summit of Greenhalgh
Mountain, Silverton quadrangle.

VIII. Felsophyric rhyolite; débris from peak northeast of
Dolly Varden Mountain, Silverton quadrangle.

All partial analyses were made by George Steiger.

In the rocks of which complete analyses were made there is
more than enough alumina to go with lime and the alkalies
for the formation of the orthoclase, albite, and anorthite
molecules. Assuming that the same is true of the other rocks
they may be compared on that basis as in the following table.

Mineral analysis of Potost voleanic rock.

Orthoclase. Albite. Anorthite.
B U 10.56 82.49 18.07. .
IT oo 28.36 28.30 10.56
IIT ..... e 25.58 25.68 10.29
IV 31.14 25.15 8.62
Vo 24.46 83.01 6.39
VI, oot 18.90 33.54 5.84
VII.....ovviienunne, 31.14 23.58 - 8.34
VIIL.....oovooaaat 28.36 29.34 3.06

In each of the rocks a reduction in the anorthite figure is
necessary, as some lime goes to form apatite.

These tables show that the Potosi lavas vary considerably
in the ratios between the alkalies and lime, and between the
alkalies themselves. The ratio of plagioclase to orthoclase
depends, of course, on the composition of the former. The
optical determinations made of the plagioclase show that it
varies from a sodic oligoclase to andesine. It is plain that
these rocks contain much plagioclase; but that in two of

| them the alkali feldspar comes to such-dominance that they

may be properly termed rhyolite, since there must be from 20
to 30 per cent of quartz in each rock.
Intrusive Rocks.

ANDESITES.

Under this heading are included upon the map
a number of somewhat different rocks. They cor-
respond petrographically in some cases to rocks
which have already been described, but they are
separately mapped, because in such instances they
represent intrusions of different periods from the
main ones of the same kind. Thus the Picayune

andesite and the intrusive of the Lake Fork of the |

ara Grulch latite occurred in the Silverton quadran-' v

gle after the Burns epoch, to which the principal
masses of that type belong.

One of these rocks ocecurs as a crosscutting mass in Hurri-
cane Basin that extends to the summits of the mountains on
both sides, where it spreads out in sheet form in the upper
tuffs of the Burns complex! This rock differs from the.
Niagara latite in composition mainly through a marked
increase in the amount of biotite and possibly by a greater
richness of the plagioclase phenocrysts in soda. Determina-
tions by the Fouqué method show that nearly all of the
plagioclase erystals are soda-rich oligoclase. The rock must
tend toward the trachytes, but it is too decomposed to permit
this point to be determined by chemical analysis.

The felsitic gray or greenish predominant groundmass is
cryptoerystalline and seldom exhibits the microlitic texture
characteristic of the Niagara Gulch latite. The rock certainly
once contained hornblende and in some places a little augite,
but those minerals, as well as the greater part of the biotite, are
entirely decomposed and are recognizable as former constitu-
ents only by their outlines or their alteration produects. That
the groundmass is rich in orthoclase and quartz must be
inferred from the allied coarser-grained latites of the district.

The intrusives on either side of Schafer Basin are nearly
like the above-described latite in composition but have a
much more pronounced porphyritic texture, the plagioclase
phenocrysts being larger, and containing oeccasional ortho-
clase erystals an inch or more in diameter.

Quartz-latite of ridge south of Bear Creek.—The
broad ridge between Bear Creek and the east fork
of the Uncompahgre is capped by a rock bearing
a close resemblance to the Niagara Gulch latite.
This mass seems to rest upon a variable amount of
pyroxene-latite tuffs, but the dike or crosscutting
relations seen at some points and shown by the
map indicate an intrusive origin for this mass at
some later date than that of the principal surface
flows of the Niagara Grulch latite.

The rock of the mass in question, in its freshest observed
condition, is very dark and dense, with minute feldspar,
augite, biotite, and hornblende crystals lying in a predomi-
nant very fine-grained groundmass which is sometimes micro-
litie, sometimes granular. Usually there is a dull reddish
tinge to the mass, and a strong fluidal texture is common,
especially in the upper and lower zones. In the freshest
rocks of these zones the groundmass has the appearance of a
devitrification product. In most specimens examined miecro-
scopically the augite and hornblende are entirely decomposed,
while the mica is sometimes fresh. Hornblende was appar-
ently not always developed. The groundmass often resembles
that of the typical Niagara Gulch rock, but may be richer in
soda-lime feldspar, - '

The rock is certainly much nearer the Niagara Gulch latite
than the pyroxene-andesite in eomposition, but no specimen
was found sufficiently fresh for a chemical test which might
permit a close correlation. ' '

The fluidal banding is very marked in much of the rock;
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and where the decomposition has far advanced the product
resembles a stratified tuff of gray gravelly material. The dis-
integration on decomposition is more pronounced than in
any other rock of the quadrangle.

Dike andesites and latites—Narrow dikes of
andesite and latite occur sparingly over the entire
quadrangle. Most of these rocks are now much
decomposed, especially as to their dark silicates,
hence close correlation with the principal types
of the larger masses is impossible. But it is clear
that they are nearly related to the Canby or Ken-
dall latites, or to corresponding rocks with more
strongly predomimant lime-soda feldspars, which
are properly andesites.

A number of these cut San Juan tuffs in the
southwestern section of the quadrangle. The age
of these rocks is, of course, not well indicated. In
the group of mountains southeast of Silverton are

"many of these dikes, there cutting members of the

the Burns complex. Some of these are hornblendic
and related to the Canby latite.

Various dikes observed in the western zone of
the quadrangle—in Richmond or Imogene basins,
on Hayden Mountain, and elsewhere—seem related
to the andesitic dikes of the Telluride quadrangle.
None of these has been observed to cut the Potosi
rhyolite, and it may be that all these dikes are
older than that lava. Lo

Some dikes of the pyroxene-—andesite type occur-
ring in the eastern portion of the quadrangle seem
so naturally to belong: with that rock that' they
have received the same color upon the map.

The only dike rock of the kind under discussion
that was observed to cut surface lavas younger than
the pyroxene-andesite is a dark’ aphanitic augite-
andesite which penetrates the Potosi latite of the
extreme southeastern corner of the quadrangle.

RHYOLITES. .

At several localities there are dikes or intrusive
masses of rhyolite which can not be closely cor-
related with the Eureka or Potosi rhyolites.

Intrusive sheets—The area particularly charac-
terized by rhyolite dikes and intrusive sheet-like
bodies lies west of the Animas River, between
Eureka and California gulches. A prominent

~ dike traverses Houghton Mountain.

All these bodies consist of a peculiar white or dull-gray
felsite, usually with a very pronounced lamellar structure,
and almost wholly without phenocrysts. In some places a
zone of distinet spherulitic texture runs parallel to the con-
tact zone, as along the Houghton Mountain dike. The fine
laméllz, often but 2 or 8 millimeters thick, are also commonly
parallel to the walls, and this structure develops into a pro-
nounced platy cleavage on weathering. - Much.of the rock is
bleached very white and often it is stained in brilliant shades
of red or yellow. ‘

The microscopic texture is eryptoerystalline, granular, or in
some cases spherulitic or. poikilitie.
appear, and lime-soda feldspars are wholly lacking.

Closely related to this rhyolite is the rock in
Cinnamon Mountain and the high crest leading
southward from it. This rhyolite occurs in an
intrusive sheet which has been dislocated by sev-
eral minor faults. Tuffs of the Burns series remain
upon the rhyolite in one place.” The rock here
apparently has slightly more biotite -and plagio-
clase than that west of the Animas.

Dikes in the Picayune andesite—The Picayune

andesite is cut by numerous dikes of a fine-grained-

porphyritic rock of greenish gray color, now much
altered, apparently a quartz-latite or rhyolite orig-
inally. It has many small, deeply embayed quartz

crystals and others of orthoclase and plagioclase,

generally much broken, in a predominant ground-
mass which is now ecryptocrystalline, is believed to
consist chiefly of quartz and orthoclase, and is in
part probably a devitrification product. Biotite
was formerly present, but if other dark silicates
were originally constituents they have now been
replaced by epidote and chlorite.

These dikes are so abundant within the Picayune
area that they seem related to one another in time,
but one of them was found to cut above the Pica-
yune .andesite into the Eureka flow-breccia, and
the age relation thus indicated by that dike is
confirmed by the occurrence of precisely the same
rhyolite-porphyry cutting through the intrusive
andesite of the Lake Fork and into the tuffs of
the Burns complex, at a point above the Bon
Homme mine on the north spur of Handies
Peak. All dikes of this rock are narrow and it
was considered impracticable to represent them on
the map.

Silverton.

Biotite blades.rarely -
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PORPHYRIES.

The geologic map exhibits the distribution of a
group of related porphyritic rocks occurring as
intrusive masses within or below the voleanic
complex. These intrusive rocks may correspond,
in some cases, to certain surface lava flows but
their different occurrence renders them worthy
of distinction upon this map. :

Some of these masses are laccolithic in character,
some are rather like stocks or cross-cutting con-
duits, and some are clearly dikes. - :

Canyon  Creek laccolith of gramte-pm*phym/—
This rock occurs in a large intrusive mass; as an
asymmetrie laccolith, extending from Canyon Creek
across the line into the Ouray quadrangle. Its
plane of intrusion is partly beneath and partly
above the Telluride conglomerate, as represented
by the map. The mass is about 500 feet thick
adjacent to its abrupt southwestern berder, ‘and
considerably thicker in the central portion.

The rock is characterized by its prominent hornblende and
plagioclase crystals, some of which are nearly 1 ¢entimeter
long, lying in & gray microgranular groundmass of orthoclase
and quartz with a little magnetite. Quartz seems confined to
the groundmass, where it is abundant and developed in dis-
tinet dihexahedral erystals only slightly modified by contact
with the less regularly formed orthoclase.. This groundmags
is so largely in excess of the phenocrysts of much altered
plagioclase that it seems necessary to call thé rock granite-

porphyry in spite of its strong resemblance to the normal
habit of quartz-monzomte porphyry.

[

Deadwood Gulch laccolith of gramte—-po?phyry —
A small laccolith is exposed at the eastern base: of
Sultan Mountain and Grand Turk being crossed
by Deadwood and Cataract gulches. The mass
occurs within the Hermosa formation almost at
its base. The laccolithic nature of the occurrence

is indicated by the distinct upturning of the fos-/
siliferous limestones on the southern edge of the’
The maximum thickness of the bodyseen -

mass.
is about 300 feet. On the north it is cut off by
the monzonite stock. E SRR

1

The rock is a strongly marked granite-porphyry exhibiting

both orthoclase and plagioclase phenoerysts, with biotite, in

a gray, dense groundmass consisting almost whoﬂy of’ ortho-
Some of the orthoelase crystals reach more .
The texture is that which is.
common to laccolithic rocks in the western Umted States

clase and quartz.
than 1 centimeter in diameter.

A dike 15 to 20 feet wide, of similar rock, with
very prominent groundmass and few small pheno-
crysts, cuts the schists of the canyon wall below the
laccolith, but it is apparently not contiruous and
was not mapped. It is sipposed to mark the
channel through which the laccohthlc magma
ascended. !

Sheets of Mineral Creek area.—At the vforks of
Mineral Creek and extending up ‘each branch for
nearly 2 miles occur several monZzenite-porphyry or
granité-porphyry masses’ which are represented on
the map as intrusive sheets with irregular connec-
tion. The sheet character is very plain where they
intrude the sedimentary rocks in the ravines on
the north side of the South Fork of Mineral Creek
and also in the principal ravine west of the main
fork, but the exposures are so disconnected, owing
to vegetation and slide rock, that the representa-
tion of the map may not be fully correct in detail.

In general the rock of these intrusive masses is a marked

porphyry exhibiting many distinet feldspar erystals embed-
ded in a felsitie, gray, even-grained groundmass. In some
places there are large orthoclase phenocrysts, reaching an
inch or more in length, as in the sheets in the Dolores for-
mation, but cominonly both feldspars are much smaller.
Biotite and quartz occur variably as phenocrysts. The rock
ranges in composition from granite-porphyry almost free from
plagioclase, a8 in the bed of the main fork, near the northern
limit of the porphyry, to quartz-monzonite-porphyry, such as
the more comron facies along the South Fork. ' In these lat-
ter rocks plagioclase is. the more abundant in phenocrysts,
although pinkish orthoclase tablets are usually present. The
groundmass consists of quartz and orthoeclase in-all cases. The
rock along the southern border of the valley of the South
Fork exhibits the same wvariations and commonly has a
coarser-grained groundmass than the rock farther north. -

The granite-porphyry forming a ledge on the south bank of
the South Fork, a little below the stream from the amphithea-
ter under Bear Mountain, contains tufts of dark tourmaline
resembling phenocrysts of a dark silicate to the naked eye.
Near by there are some larger clumps of the same mineral, in
a much decomposed portion of the porphyry. This develop-
ment of tourmaline is presumably due to emanations of borie
acid from the monzonite stoek, but it is singular that so little
trace of tourmaline has been observed, if such is the case.

The porphyry outecropping about the forks of Mineral
Creek, along the road up the South Fork, and at certain
points on the southern bank of the stream, is much decom-
posed and has also a fine lamellar parting, so that it breaks
into thin flakes like a partially indurated shale and its char-
acter as a massive rock is obscured. The cause of this part-
ing is not evident. Portions of the same rock near by are
decomposed with similar produects but retain their massive
texture. ' '

These porphyries aré so nearly like the quartz-
monzonite of the adjacent stock that it seems nat-
ural to consider the sheets of Mineral Creek as
actually offshoots from the stock. But along the
northern border of the stock above Mineral Creek
there are few outcrops, and evidence of a transition
from the common granular monzonite to the por-
phyry was not observed. On the contrary, in
Snowslide Gulch, which enters Mineral Creek
opposite its forks, the finely granular monzonite
was found cutting porphyry sharply at about 9900
feet. Above this spot'the rock is plainly gran-
ular, while lower in the ravine the much altered
rocks are referable to the:porphyry. It is believed
that if' the magmas of the porphyry sheets rose

through the stock conduit they were cut off by

later eruptions through the same channel and are
not to be represented as direct offshoots from the
monzonite mass. No indications of the porphyry
sheets were found east of Snowslide Gulch, the

lower slopes being here covered by glacial débris

or the torrential fan of Bear ‘Gulch. ,

Quartz-syenite-porphyry.—Scattered through the
quadrangle are several occurrences of allied por-
phyries, most of them plainly intrusive masses,
which are characterized by their large orthoclase
or anorthoclase crystals. These rocks-are repre-
sented by one color on the map.

"Neally all of the rocks here referred to are quartz-syenite-
porphyries, that is, they consist principally of alkali feldspar,
but contain enough quartz to require recognition of that con-
stituent in the name, They also carry some plagioclase rich
in soda and-usually both augite and biotite, sometimes abun-
dantly, in, distinet phenoecrysts..

The rocks possess a dark aphanitic groundmass, whlch
predominates over the phenoerysts in most cases.” The micro-
scope shows that this groundinass consists mainly of fine scales
or microlites of orthoclase with a fine magnetite dust so uni-
formly scattered through it:as tocause the dark color. There
are'some small particles of augite and biotite in the ground-
mdss, together 'with apatite and tltamte, and a varlable
amount of quartz.

The various masses included in tlns group will be briefly
mentioned: '

1. A dark' porphyry with fresh erystals of anorthoclase,
some of which reach an inch in diameter, forms a round hill
600 to 700 feet high: east of Smummit on the divide betwéen
Mineral and Red Mountain' creeks: ' The dark groundmass is
heie strongly predominant, - But llttie feldspar of the albite-
anorthite seriek is presént. -

-The contact plane of ‘this mass was~*nowhere found, owing
to talus accumulations. No doubt the body is-a small stock.

‘2. The crosscutting mass forming the summit of Red Moun-
tain’ No. 8 is very similar to the preceding. It has fresher
and - more abundant dark silicates and yielded on partial
analysis, by George Steiger, the following results:

Analysis of quartz-sye'hize-porphyfy.

S0 55.54
Ca0 s s 5.38
Na,0...... R 2.12
12O 0 J U 5.42

A Ia,rge part of the lime belongs to the pale-green augite,
which must be rich in the diopside molecule.

3. Several small dikes of allied porphyry oceur about the
head of Red Mountain Creek. Two have been noted in the
knoll north of the American Belle ‘mine, one of them on the
east side by the railroad, and the other in a railroad cut on
the north side. Neither is represented, because of very
limited outerops.

The landslide blocks of this region sometimes exhibit dlkes
of this porphyry. One such outerop is on the wagon-road a
short distance south of the Yankee Girl mine. This rock has
more numerous orthoclase crystals and is lighter colored than
the type described, but a part of the latter difference is due
to decomposition.. This rock is called ‘‘monzonitic por-
phyry” by Ransome (Bull. U. 8. Geol. Survey No. 182, 1901,

p. 127), who gives an analysis of it showing that it is much |

decomposed. It may be more closely allied to the monzonite
than to the syenite group.

4. The small stock at the head of Full Moon Gulch varies
much in texture, only a part of the rock possessing notably
large orthoclase phenocrysts. The coarsest-grained modifica-
tion has many pinkish orthoclase phenocrysts, some smaller
ones of plagioclase and much altered dark silicates with a
groundimass which is subordinate in some places. Much of
the rock is of usual porphyritic texture, and decomposition
with kaolinization is prevalent. No significant relations of
textural variation to the shape of the mass could be detected. |

5. In the northeastern section of the Silverton quadrangle
this porphyry appears in several bodies, one of the most
notable being the eap rock of Engineer Mountain. This is
strongly porphyritie, possessing many glassy orthoclase crys-
tals, which are colored reddish by a fine ferritic pigment, and
some of which reach® or 3 inches in diameter. It has also a
number of quartz, plagioclase, biotite, and hornblende pheno-
crysts. The ferromagnesian minerals are resorbed to a large -
extent and are marked by ferritic material in small particles.
The dark ash-gray groundmass is about equal to the pheno-
erysts in amount.

A partial analysis of this porphyry by George Steiger
yielded: SiO, 60 20, CaO 3.22, Na,0 3.38, K,0 4.71.

The contacts of this mass are concealed by débris. It is
apparently not intrusive because pieces of the rock -are
contained in the fragmental bed at the base of the Potosi
rhyolite-latite series in the hill next north of Engineer Moun-
tain. If notintrusive it rests upon the upper, bleached andes-
itic tuffs of the pyroxene-andesite division of the Silverton
series.

This porphyry carries some inclusions of finely granular
rock of very nearly the same mineral composition, with Iess
quartz and dark components.

6. .A small dike of this porphyry was observed on the ridge
leading northwest from Engineer Mountain and another was
found on the trail from California Gulch to Poughkeepsie
Guleh, just east of the divide. Both have very prominent
groundmasses.

" Quartz-monzonite-porphyry at the head of Bear
Creek.—The mountain between the forks of Bear
Creek and American Flat is mainly made up
of an apparently crosscutting mass of strongly-
marked porphyry, which is also represented by
dikes in the adjacent portion of the Ouray quad-
rangle:

.This rock contains many labradorite phenocrysts, a few of
which reach a diameter of 1 centimeter, a much less number
of glassy orthoclase of irregular size; but some of them as
much as 2 centimeters long, embayed quartz erystals, and
abundant fresh biotite tablets. Diopside and green horn-
blende are subordinate constituents and both are much
decomposed, the former mainly by resorption.

The groundmass is composed chiefly of orthoclase feldspar
and quartz, the texture resembling that of the syenite-por-
phyries described above. Magnetite and particles of other
dark minerals, such as chlorite, render the groundmass gray
or greenish.

As a whole this rock resembles the syenite-
porphyry in composition except for the amount
of labradorite present. It belongs to nearly the
same period of eruption as the syenite-porphyry,
but may be somewhat more recent, as it clearly cuts
across and upturns tuffs of the Potosi series on its
southeastern contact. Elsewhere talus or slide
débris conceals the contact, but the form of the
mass plainly indicates that the body is of stock-
like character. . .

Granite-porphyry dikes—The map represents a
unique dike of peculiar character which extends
from the ridge mnorth of Deer Park eastward
through the mountains, crosses Cunningham Gulch,

and has been traced up the eastern slope for nearly
2000 feet. - :

‘This rock is a typical felsophyre having abundant pheno-
erysts of orthoclase and quartz, with a much smaller number
of biotite and plagioclase, in a felsitic groundmass of ortho-
clase and quartz. This groundmass is usually very finely
and evenly granular, the two minerals being sometimes inter-
locked in graphic intergrowth.

The dike is from 20 to 30 feet wide in most places and has
very marked porphyritic texture in the center, with contact
zones of dense, greenish felsite, carrying a few quartz pheno- .
erysts, the zones being 8 or 4 feet wide. The green eolor is
due to minute particles of chlorite which may be an infiltra-
tion produet from the adjacent voleanic rocks.

This dike has a number. of bends, some of them
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